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In neuromuscular blockade... 


Closest to the ideal: - 


Free of clinically 
% of control significant 
cardiovascular effects 


NORCURON is the only surgical 
muscie relaxant for which no clinically 
significant adverse cardiovascular 
effects have been observed in clini- 
cal trials.'* This makes NORCURON 
unique among all neuromuscular 
blocking agents in clinical use.‘ 


Adapted from Morris, R.B., et al., Anesthesiology 1983, 58:438 


2 
MINUTES AFTER ADMINISTRATION 








The Effect of Non-depolarizing Muscle Relaxants Histamine release 
on Histamine Levels, Mean Arterial Pressure and Heart Rate’ unlikely to occur 
Percent of Control Histamine release has not been 
Drug Dose xED,. Histamine Mean Arterial Heart observe d with NORCURON. yas ei 
(mg/kg) Biescire Rate by preliminary clinical experience. In 
doses up to 3.5 times the ED.,, it causes 
no increase in circulating histamine 
oer) ae a ie ae nor does it decrease systemic blood 
metocurine 0.5 212 79 119 pressure.° 
atracurium 0.6 192 80 108 | | 
Hypotension and tachycardia tend to occur when 
vecuronium 0.1 ; 117 99 histamine levels are increased to about 200% 
vecuronium 0.2 3. 87 99 ion A 
The Neuromuscular Effects of Maintenance Doses No clinically 
of Vecuronium, Atracurium and Pancuronium ©’ significant 
cumulative 
effects seen 


With NORCURON cumulative 
effects are not seen in clinical 
practice. The interval between 
Pancuronium 0.02 mg/kg repeated doses has been found to 
remain constant between as 
many as six to ten repeated 
administrations.°’ 


g 
E 
C 
Q 
apart 
oO 
Sov: 
— 
Q 


Atracurium 0.08 mg/kg 


Vecuronium 0.015 mg/kg 
1 2 3 4 5 6 7 
Number of Doses of Muscle Relaxant 





. CPYUYS RKO 


~NORCURON 


(vecuronium bromide for injection) 
E u s H OH OM fe | = “IPO Gf g er A 
Safety Index and Comparative Safety Ratios’ utstanding 





safety profile 
Safety Index = goed CELL The Safety Index helps quantify the im- 
ED,, neuromuscular blockade proved safety of the newer muscle relax- 
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Comparative Safety Ratios ants on a relative basis. The characteristics 


of cardiovascular effects and histamine 


l I l release are areas where the new agents, 
/ 
For Vagolytic Effects For CV/Histamine Related Effects particularly NORCURON, have made the 


|gallamine ipa. d-tubocurarine 1 | most significant gains.® 
ancuronium | . | | | 

i in = a NOES 2:1 The Safety Index is described as the ED., 

atracurium 25-3071 atracunum 3:1 for autonomic inhibition over the ED., for 

vecuronium 60:1 vecuronium R neuromuscular blockade‘ 


“cannot be calculated since it does not cause any CV 
or histamine related effects 


A Comparison of Surgical Muscle Relaxants vs. The Ideal4 
(“ +” signifies proximity to the ideal) 








Characteristic Vecuronium ATACULUI Pancuromum Succinyicholine D-tubocurarine | 
Onset of Action = = ss + e 
Histamine Release + 
Cardiovascular 

Side Effects oOo e = = 
Duration of Action Poo pi E 
Cumulative Effects + = 2 
Rate of Recovery + je x 
Reversibility ig = $ 
Potency + + + z ae 
Non-depolarizing + s + ba fe 
Metabolite Activity + p + $ re 





“Currently under evaluation. 





i bapes nes si injection) A 
Closest to 
the ideal 


Of the newer short- to intermediate-acting drugs, 
NORCURON has the most ideal profile, 
specifically attributable to its outstanding safety 
features relating to cardiovascular side effects and 
histamine-releasing properties.’ 
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July 1984 NORCURON® (NC-45) 


Vecuromum Bromide for Injection 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS. CHARACTERISTICS. AND HAZARDS 


DESCRIPTION: NORCURON* {vecuronium bromide for injection) 1s a sondepolarizing neuromuscular Blocking 
agent of intermediate duration, chemically designated as piperidinum. 1-[(28. 3e. 5a. 168. 1781-3. 17 -tis iate- 
tyloxy)-2-(1- piperidinyl) androstan-16-yl]-?-methy!-. bromide. The structural formula ts: 





Norcuron* iS Supplied as a sterile freeze-dried buffered cake of very fine mucroscopic crystaline particies far intra- 
venous jection only. Following reconstitution with solvent (water for jection) tne resultant solution is motonic 
and has apHof4 Each 5 mi vial contains 10 mg vecuromum bromide. Each vial aiso contains citric acid. dibasic 
sodium phosphate, sodium hydroxide. and or phosphoric acid to buffer and adjust pH and mannitol to make i50- 
tome 


CLINICAL PHARMACOLOGY: Norcuron® (vecuremum bromide for injection) 15 a nondepolatizing neuromuscular 
blocking agent possessing all af the characteristic pharmacological actions of this class of drugs (curariform) It 
acts by competing for cholinergic receptors at the motor end-plate. The antagonism to acetyicholine is innibited 
and neuromuscular Diock is reversed by acetyicholinesterase inhibitors such as neostigmine, edrophonium, and 
pynidastigmine. Norcuran’ is about 1.3 more potent than pancuronium: the duration of neuromuscular blockade 
produced by Norcuron* is shorter than that of pancuronium af initially equipotent doses The time to onset of 
paralysis decreases and the duration of maximum ettect increases with increasing Norcuron doses The use ofa 
peripheral nerve stimulator 5 of benelit m assessing the degree of muscular relaxation. 


The EDgy (dose required to produce 90% suppression of the muscie twitch response with balanced anesthesia} 
has averaged 0 057 mg. kg (0.049 to 0.062 mg kg in various studies} An initial Norcuron® dose at 0 08 ta 0.10 
mg: kg generally produces first depression of twitch in approximately 1 minute. good or excellent intubation condi- 
tions within 2.5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most 
patients. Under balanced anesthesia. the time to recovery to 25% of control (ciinical duration) is approximately 25 
to 40 minutes after injection and recovery 1s usually 95% complete approximately 45-65 minutes after imjecton of 
intubating dase. The neuromuscular blocking action of Norcuron” is slightly enhanced in the presence of potent 
inhalation anesthetics. if Norcuron”® +s first administered more than 5 minutes after the start of the innalaton of 
entiurane. isoflurane. of halothane. or when steady state has been achieved, the intubating dose of Norcuran® 
(vecuronium bromide for injection) may be decreased by approximately 15% (see Dosage and Administration Sec- 
tion}. Pror administration of suceinyichatine may enhance the neuromuscular blocking effect of Norcuron* and 
its duration of action. With succinyicholine as the intubating agent. initial doses of 0 04-0.06 mg kg of Norcuran* 
will produce complete neuromuscular Diock with clinical duration of action of 25-30 minutes if succinyicholine is 
used prior to Norcuron’. the administration of Norcuson* should be delayed until the patient starts recovering 
from succinyicholine-induced neuromuscular Blockade. The effect of pror use of other nondepoiarizing neuro- 
muscular blocking agents on the activity of Norcuron* has not been studied (see Drug Interactions} 


Repeated administration of maintenance doses of Norcuron® has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore. repeat doses can be administered at relatively regular intervals with predict- 
able results. Alter an initial dose of 0.08 to 0.10 mg-kg under balanced anesthesia, the first maintenance cose 
{suggested maintenance dose is 0.010 to 0 O18 mg-kg) 1s generally required within 25 to 40 minutes. subsequent 
maintenance doses. it required. may be administered at approximateiy 12 to 15 minute intervals Halothane anes- 
thesia increases fhe clinical duration of the maintenance dose only shightly. Under enflurane a mamtenance dase of 
4.010 mg. kg +s approximately equal to a 0 015 mg-kg dose under balanced anesthesia. 


The recovery index (time fram 25% to 75% recovery) 1s approximately 15-25 minutes under balanced or halothane 
anesthesia. When recovery from Norcuron* neuromuscular blocking effect begins. it proceeds more rapidiy than 
recovery from pancuronium. Once spontaneous recovery has started the neuromuscular block produced by Not- 
curon” {vecuronium bromide for injection) is readily reversed with various anticholinesterase agents. e g pyri- 
dostigmine, neostigmine, or edrophomum in conjunction with an anticholinergic agent Such as atropine or 
giycopyrrolate. There have been no reports of recurarization following satisfactory reversal of Norcuron =“ induced 
neuromuscular blockade: rapid recovery is a finding consistent with its short elimination haif-te 


Pharmacokineties: At clinical doses of 0.04-0.19 mo- kg. 60-80% of Norcuron tss usually bound to plasma pro- 
tein The distribution half-life following a single intravenous dose (range 0.025-0. 280 mg’kg) is approximately 4 
minutes. Elimination half-life over this same dosage range is approximately 65-75 minutes in healthy surgical 
pahents and io renal failure patents undergoing transplant surgery In late pregnancy. elimination halt-lfe may be 
shortened to approximately 35-40 minutes The volume of distribution at steady state is approximately 300-400 
mi:kg; systemic rate of clearance is approximately 3-4 5 mi-minute kg in man. urine recovery of Norcuron* 
vanes from 3-35% within 24 hours Gata derived from patients requiring insertion of a T-tube in the common bile 
duct suggests that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours Only 
unchanged Norcuron® has been detected in human plasma following chacal use. One metabolite. 3-deacety! 
vecuronium. has been recovered in the urine of some patients in quantities that account for up to 10°. of the 
injected dose: 3-deacety! vecuronium has aiso Deen recovered by T-tube in some patients accounting tor up to 
25% of the inected dose. 


This metabolite has been judged by animal screening (dogs and cats} to have 50% or more of the potency af Nor- 
curon® (vecuronium bromide for injection}: equipotent doses are of approximately the same duration as Nor- 
curon’ in dogs and cats. Bilary excretion accounts for about hait of the dose of Norcuran® within ? hours in the 
anesthetized rat Circulatory bypass of the liver (cat preparation) prolongs recovery from Narcuroa”. Limited data 
denved from the patients with cirrhosis or cholestasis suggests that Some measurements of recovery may be 
doubied is such patients In patients with renal failure. measurements of recovery do not differ significantly from 
similar measurements in healthy patients 


Studies involving routine hemodynamic monitoring in good nisk surgical patients reveal that the administravan of 
Norcuron* in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce clini- 
cally significant changes in systolic. diastole or mean arterial pressure. The heart rate. under similar monitoring. 
remained unchanged in some studies and was lowered by a mean of up to 8% in other studies A iarge dase of 0.28 
mg: kg administered during a period of na sumulation, while patients were being prepared for coronary artery 
bypass grafting. was not associated with alterations in rate-pressure product of pulmonary-capiliary-wedge pres- 
sure. Systemic vascular resistance was lowered slightly and cardiac output was increases insignificantly (The 
drug has not been studied in patients with hemodynamic dysfunction secondary to cardiac vaivuiat disease } LETH- 
ted conical experience (3 patients} with use of Norcuron® during surgery for pheochromocytoma has shown that 
administration of this drug 8 not associated with changes in blood pressure or neart fate. 


Unbke other nondepotarizing skeletal muscie relaxants. Norcuron” jvecuronum bromide for injection} mas no 
clinically significant effects on hemodynamic parameters and will not counteract those hemodynamic changes oF 
known side effects produced by or assaciated with anesthetic agents. 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients ingi- 
cate that hypersensitivity reactions such as bronchospasm, flushing, redness, hypotension. tachycardia, and 
other reactions commonly associated with histamine release are unirkely to occur. 


INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia. to faciitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation 


CONTRAINDICATIONS: None known. 


WARNINGS: NORCURON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES EGR INTUBATION. ARTIFICIAL RESPIRATION. OXYGEN THERAPY, AND REVERSAL AGENTS 
ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION in 
patients who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert} syndrome. smali doses of 
Norcuron* may have profound effects in such patients. a peripheral nerve stimulator and use of a smali test dose 
may be of value in monitoring the response to administration of muscle relaxants. 


PRECAUTIONS: ; E 5 l 

Renal Failure; Norcuron” (vecuronium bromide for injection} is well-tolerated without clinicaily sigmficant pro- 
longation of neuromuscular blocking effect n patients with renal faiiure who have been optimalty prepared for sur- 
gery by diaiysis Under emergency conditions in anephinc patients some prolongation of neuromuscular blockade 
may occur. therefore. if anephric patients cannot be prepared for non-elechve surgery, a lower initial dose of Nor- 
curon" should be considered 

Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease. old age, or 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time: therefore 
dosage shouid not be increased 

Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery 
time in keeping with the role the liver plays in recovery from Narcuron* metabolism and excretion (see Pharmaco- 
kinetics} Data currently available da not perm: dosage recommendations in patients with imparred iver function 

MAINE THE ABOVE CANNITIONG HSF AF A PERIPHERAL NERVE STH ATOR FAR ADFOUATE MONITORING 


DEVETE GOESITY OF MEUTOMUStIIAS VIseAse. TALENS WINI SUVETU UbTOTY UI Hour uu ouuia: Urovaou tiny puay as 
way aid. or ventilatory problems requiring special care before, during and atter the use of neuromuscular blocking 
agents such as Norcuron? (vecuronium bromide for injection). ad 


Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of (nggering a 
potentially tatat hypermetabotism of skeletal muscle known as malignant hypertherma. Taere are insufficient data 
derived from screening im susceptible animais (swine) to estabhsh whether or nat Norcuran” is capable of trg- 
genng malignant hyperthermia 


Norcuron* has no known effect on consciousness. the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia 


Drug interactions: Prior administration of succinyicholine may enhance the neuromuscular blocking effect of Nor- 
curon” and its duration of action. tf succinyicholine is used before Norcuran*. the adrmnistration of Norcuron* 
shoud be delayed until the suceinyicholine effect shows signs of wearing aff. With succinyicholine as the intubat- 
ing agent. mtial doses of 0.04-0 06 mg: kg of Norcuron® may be adm nistered to produce compiete neuromuscu- 
lar block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY} 


The use of Nercuron® (vecuronium bromide for injection) before sucomytcnoline. in order to attenuate some of the 
side effects of succinylcholine, has not been sufficiently studied Other nondepolanizing neuromuscular Diocking 
agents ipancuramum d-tubacurarine metacurine, and gaiiamne} act in the same fashion as does Norcuron*: 
therefore these drugs and Norcuron® may manifest an additive effect when used together. There are insufficient 
dala 10 support concomitant use of Norcuron* and other competitive muscle relaxants in the same patient 


inhalational Anesthetics: Use of voiatie inhalational anesthetics such as enflurane, isoflurane. and halothane with 
Norcuran* will enhance neuromuscular blockade. Potentiatian ss most prominent with use of enflurane and 
isoflurane 


With the above agents the intial dose of Norcuron” may be the same as with balanced anesthesia unless the inha- 
lational anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical eguiii 
brum (see CLINICAL PHARMACOLOGY). 


Antibiotics: Parenteral intraperitoneal administration of high doses of certain antibiotics may intensify or produce 
a neuromuscular biock on ther own. The following antibiotics have been associated with various degrees cf paral- 
ysis amenogtycasides (such as neomycin. streptomycin. kanamycin. gentamen, and dihydrostreptomycin}: 
tetracyclines. bacitracin: polymyxin B, cohsten. and sodium calistmethate It these or other newly mtroduced anti- 
bighics are used in conjunction with Norcuran® (vecuronium bromice for myection) during surgery. unexpected 
projangation of neuromuscular block should be considered a possibilty. 


Other: Exper:ence concerning injection of quinidine during recovery from use of other muscie relaxants suggests 
that recurrent paralysis may occur This possibility must aiso be considered for Norcuron*. Norcuron® induced 
neuromuscular blockade has Deen counteracted by alkalosis and enhanced by acidosis in expenmental animats 
ican Electrolyte imbalance and diseases which lead to electrolyte mbalance, such as adrenal cortical insuti- 
ciency. have been shown to alter neuromuscular blockade Depending on the nature of the imbalance, either 
enhancement or inhibition may be expected Magnesium salts. administered for the management of toxemia of 
pregnancy, May enhance neuromuscuiar blockade. 


Drug taboratory test interactions: None known. 


Carcinogenesis. Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to 
evaluate carcinogenic or mutagenic potential or impairment of fertility 


Pregnancy: Pregnancy Category C: Animal reproduction studies nave not been conducted with Norcuron® Jtss 
aiso not known whether Norcuron* can cause fetal harm when administered to a pregnant woman or can atfect 
reproduction capacity. Norcuron* should be given to a pregnant woman only if clearly needed 


Pediatric Use: infants under 1 year of age but older than 7 weeks. aiso tested under halothane anesthesia. are 
mocerately more sensitive to Norcuron* {vecuronium bromide for injection) on a mg-kg basis than adults and take 
about 112 times as iong to recover information presently available does not permit recommendations for usage in 
neonates 


ADVERSE REACTIONS: Norcuron was well-tolerated and produced no adverse reactions during extensive clinical 
mals The mast frequent adverse reaction to nondepolarizing biocking agents as a class consists of an extension af 
the drug s pharmacological action beyond the time period needed for surgery and anesthesia This may vary from 
skeletai muscle weakness to profound and prolonged skeletai muscle paralysis resulting in respiratory insulfi- 
ciency or apnea 


inacequate reversal of the neuromuscular blockade. although fot yet reported. is possibie with Norcuran® as with 
ail curantorm drugs. These adverse reactions are managed by manual or mechanical ventilation unti recovery is 
judged adequate. Littie or no increase in intensity of blockade or duration of action of Norcuron® is noted from the 
use of throbarbiturates. narcotic analgesics. nitrous oxide. or droperidol. See OVERDOSAGE for discussion of 
other drugs used in anesthetic practice which also cause respiratory depression 


OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdo- 
sage can be minimized by carefully monitoring muscle twitch response to peripheral serve stimulation. Excessive 
doses of Norcuran” (vecuronium bromide for injection} can be expected to produce enhanced pharmacological 
effects Residual neuromuscular Diockade beyond the time period needed for surgery and anesthesia may occur 
with Norcuron* as with other neuromuscular blockers. This may be manifested by skeletal muscie weakness. 
decreased respiratory reserve. low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade and help to differentiate residual neuromuscular blockade from other 
causes of decreased respiratory reserve. Respiratory depression may be due either wholly or in part to other drugs 
used during the conduct of general anesthesia such as narcotics. (twobarbiturates and other central nervous sys- 
tem depressants. Under such circumstances the pnmary treatment is maintenance of a patent airway and manual 
or mechanical ventilation unt! complete recovery of normal respiration is assured Regonol* syd anne 
bromide myection}, neostigmine. or edrophontum, in conjunction with atropine or glycopyrrolate will usually anta- 
gorize the skeletal muscle relaxant action of Norcuron® Satisfactory reversal can be judged by adequacy of skele- 
fai muscie tone and by adequacy of respiration. A peripheral nerve stimulator may aiso be used to momtor 
rasioration of twitch height. Fadure of prompt reversal (within 30 minutes) may occur in the presence of extreme 
debitation, carcinomatosis. and with concomitant use of certain bread spectrum antibiotics, of anesthetic agents 
anc other drugs which enhance neuromuscular blockade or cause respiratory depression of their own ünder such 
circumstances the management is the same as that of prolonged neuromuscular blockade. Ventiiation must be 
supported by artificial means unti the patient has resumed contro! of his respiration Prior to the use of reversa! 
agents. reterence should be made to the specific package insert of the reversal agent. 


DOSAGE AND ADMINISTRATION: Norcuron* (vecuronium bromide for injection) is for intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians famurar with the use of neuro- 
muscular blocking agents Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only. 
especially regarding enhancement of neuromuscutar blockade of Norcuron® by volatile anesthetics and by prior 
use of succmy!choline (see PRECAUTIONS Drug Interactions}. Parenteral drug products should be inspected 
visually for particulate matter and discoloration pror to administration. whenever Solution and container permit 


To obtam the maximum chnical benefits of Norcuron® and to minimize the possibiity of overdosage. the moni- 
torng af muscie twitch response to peripheral nerve stimulation is advised 


The recommended initial dose of Norcuron® 1s 0.08 to O 10 mg-kg (1 4 to 1 75 times the EDag) given as an intra- 
venous bolus injection. This dase can be expected to produce good or excellent non-emergency intubation condi- 
tions in 2 5 to 3 O minutes alter mection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-90 minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after 
impaction and recovery to 95% of contro! achieved approximately 45-65 minutes after injection. in the presence of 
potent inhalation anesthetics. the neuromuscular blocking effect of Norcuran*” (vecuronium bromide for injection} 
is anhanced if Norcuron’ is first administered more than 5 minutes after the start of inhalation agent or when 
tae state has been achieved, the initial Norcuron® dose may be reduced by approximately 15%.: e., 0.060 to 
0 085 mg kg 


Pr or admimstration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Nercuran’ ifintubation is performed using succinyleholine, a reduction of initial dose of Norcuron* to 0 04-0 06 
mg kg with inhalation anesthesia and 0 05-0.06 mg-ko with balanced anesthesia may be required 


During prolonged surgical procedures. maintenance doses of 0.010 to 0.015 mg'kg of Norcuton* are recom- 
mended: after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 
minutes However. clinical criteria should be used to determine the need for maintenance doses. Since Norcuron* 
lacks chmicalfy important cumulative effects. subsequent maintenance doses. if required. may be administered at 
re-atively regular intervals for each patient, ranging approximately ‘rom 12 to 15 minutes under balanced anesthe- 
sia. slightly longer under inhalation agents {if less frequent administration ss desired, higher maintenance doses 
may be administered.) 


Shouid there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg- 
ke up to G 28 mg kg have been admunsstered during surgery unde: halothane anesthesia without iH effects to the 
cardiovascular system being noted as iong as ventilation is properly maintained (see CLINICAL PHARMACC- 
LOGY} 
Dosage in children: Older children (10 to 17 years of age} nave approximately the same dosage requirements (mg: 
kgj as adults and may be managed the same way. Younger chidren (7 to 10 years of age) may require a sightiy 
higher initial dose and may also require supplementation sightly more often than aduits. Infants under one year of 
age but older than 7 weeks are moderately more sensitive to Nercuron™ (vecuronium bromide for injection) an a 
mg kg basis than adults and take about 11-2 times as long to recover. See also sub-section of PRECAUTIONS titled 
Pediatric use information presently available does not permit recommendation on usage in neonates (see PRE- 
CAUTIONS} 
COMPATIBILITY: Norcuron® is compatibie in solution with 

G 9% NaCl solution 5%; glucose in sahne 

5% glucase in water Lactated Ringers 


HOW SUPPLIED: 5 mi viais icontains 10 mg of achve ingredient) and 5 mi ampui of preservative-tree sterile water 
tar injection as the diluent Boxes of 12 NDC 0052-0442-10 


STORAGE: PROTECT FROM LIGHT Store at 15°-30°C (59°-86°F) 


AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
(BEF) DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. 


SINGLE USE VIALS— Manufactured for ORGANON INC. By BEN VENUE LABORATORIES. INC.. Bedford. Ohio 44146 
ORGANON PHARMACEUTICALS, a Division of 
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SUFENTA 


sufentanil citrate) Injection C 
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COMPARED WITH ISOFLURANE 


e Superior hemodynamic stability 

e Shorter recovery times 

- Better maintenance of postoperative analgesia 
e Lower total cost per procedure 





*In a comparative study"? of patients undergoing major orthopedic 
surgery who received either SUFENTA-N,O (n=10) or isoflurane-N,O (n=10). 


1. Scientific Exhibit, Sufentanil vs. Isoflurane in Major Orthopedic 
Procedures (Fahmy NR, Principal Investigator), March 1983. 


2. Fahmy NR, Beemer GH, Roberts JT. Symposium Report, Advances 
in Anesthesia, a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 


COMPARED WITH FENTANYL 


e Smoother, more rapid induction 

e Smoother, more stable intraoperative course 

e Faster, more comfortable recovery 

e More effective blocking of surgical stress response 
e Superior hemodynamic stability 

e Smaller volume of injection 

e Lower total cost per procedure 





3. Smith NT, Dec-Silver H, Harrison WK, et al: ASA Abstract, 
Anesthesiology (Suppl) 57: A291, 1982. 

4. Flacke JW, Bloor BC, Flacke WE, et al: Comparative Effects of 
Sufentanil and Fentanyl Versus Meperidine and Morphine in 
Balanced Anesthesia. Symposium Report, Advances in Anesthesia, 
a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 
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SUFENTA 


(sufentanil citrate) Injection 0 


DESCRIPTION 
SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-|4-(methoxymethyl)-1- 
[2-(2-thienyl)ethy|]-4-piperidinyl|-N-phenylpropanamide 2-hydroxy-1.2.3-propanetricarboxylate (11) 


SUFENTA ıs a sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 sg per 
ml of sufentanil base for intravenous injection The solution has a pH range of 3.5-75 


CLINICAL PHARMACOLOGY 

SUFENTA ıs an opioid analgesic. SUFENTA ıs approximately 5 to 7 times as potent as fentanyl (Dosage 
requirements for equianalgesic effect will be ¥%-'/ those of fentanyl on a mg/kg basis.) At doses of up to 
8 g/kg, SUFENTA provides profound analgesia: at doses =8 g/kg. SUFENTA produces a deep level of 
whee SUFENTA produces a dose related attenuation of catecholamine release. particularly norepi- 
nephrine. 


The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time 
of 0.72 minutes. redistribution of 13.7 minutes and an elimination half-life of 148 minutes. The liver and small 
intestine are the major sites of biotransformation. Approximately 80% of the administered dose is excreted 
within 24 hours and only 2% of the dose ıs eliminated as unchanged drug. Plasma protein binding of SUFENTA 
IS approximately 92.5%. 


SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
Storage sites allows for relatively more rapid recovery as compared with fentanyl. At dosages of SUFENTA of 
1-2 «g/kg, recovery times are comparable to those observed with fentanyl; at dosages of >2-6 pg/kg, 
recovery times are comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 
8-30 g/kg of SUFENTA. recovery times are more rapid compared to equipotent fentanyl dosages 


At dosages of >8 mg/kg. SUFENTA produces hypnosis and anesthesia without the use of additional 
anesthetic agents. A deep level of anesthesia is maintained at these dosages. as demonstrated by EEG 
patterns. Dosages of up to 25 g/kg attenuate the sympathetic response to surgical stress. The catechola- 
mine response, particularly norepinephrine, is further attenuated at doses of SUFENTA of 25-30 g/kg, with 
hemodynamic stability and preservation of favorable myocardial oxygen balance 


The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate during 
SUFENTA-oxygen anesthesia. The vagolytic effect of pancuronium may be reduced in patients administered 
nitrous oxide with SUFENTA. The use of moderate doses of pancuronium or of a less vagolytic neuromus- 
cular blocking agent may be used to maintain a stable lower heart rate and blood pressure during 
SUFENTA-oxygen anesthesia. 


Preliminary data suggest that in patients administered high doses of SUFENTA. initial dosage requirements for 
neuromuscular blocking agents are generally lower as compared to patients given fentanyl or halothane. and 
comparable to patients given enflurane 


Bradycardia is pth seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous 
oxide with high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output 


Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels 
and no indication of histamine release 


SUFENTA at 20 g/kg has been shown to provide more adequate reduction in intracranial volume than 
equivalent doses of fentanyl. based upon requirements for furosemide and anesthesia supplementation 
in one study of patients undergoing craniotomy. During carotid endarterectomy, SUFENTA produced EEG 
patterns and reductions in cerebral blood flow and oxygen utilization comparable to those of fentanyl 


The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output. with a slight reduction in 
systemic vascular resistance during the initial postoperative period. The incidence of postoperative 
hypertension, need for vasoactive agents and requirements for postoperative analgesics are generally 
reduced in patients administered moderate or high doses of SUFENTA as compared to patients given 
inhalation agents. 


Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when SUFENTA ıs used at sub-anesthetic dosages. At high doses. a 
pronounced decrease in pulmonary exchange and apnea may be produced 


INDICATIONS AND USAGE 

SUFENTA (sufentanil citrate) is indicated 

as an analgesic adjunct at dosages of up to 8 g/kg in the maintenance of balanced general anesthesia 
as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients 
undergoing major surgical procedures. such as cardiovascular surgery or neurosurgical procedures in the 
sitting position, to provide favorable myocardial and cerebral oxygen balance or when extended postoperative 
ventilation is anticipated 


CONTRAINDICATIONS 
SUFENTA ıs contraindicated in patients with known hypersensitivity to the drug 


WARNINGS 
SUFENTA should be administered only by persons specifically trained in the use of intravenous 
anesthetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence can be reduced 
by: 1) administration of up to 4 of the full paralyzing dose of a non-depolarizing neuromuscular blocking agent 
just prior to administration of SUFENTA at dosages of up to 8 g/kg, 2) administration of a full paralyzing dose 
of a neuromuscular blocking agent following loss of eyelash reflex when SUFENTA ıs used in anesthetic 
dosages (above 8 g/kg) titrated by slow intravenous infusion, or, 3) simultaneous administration of SUFENTA 
and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA ts used in rapidly administered 
anesthetic dosages (above 8 .g/kQ) 


The neuromuscular blocking agent used should be compatible with the patient's cardiovascular status. 
Adequate facilities should be available for postoperative monitoring and ventilation of patients adn. istered 
anesthetic doses of SUFENTA. It is essential that these facilities be fully equipped to handle all degrees of 
respiratory depression 


PRECAUTIONS 
The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated patients. The effect of 
the initial dose should be considered in determining supplemental doses 


Vital signs should be monitored routinely 


Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY) 


High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia 
Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to 
atropine. 


Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries 


Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally 
decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by opioid analgesics can be reversed by 
Opioid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the opioid antagonist action. appropriate surveillance should be 
maintained 


Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of 
SUFENTA 


Drug Interactions: An additive effect with SUFENTA may be exhibited in patients receiving barbiturates, 
tranquilizers. other opioids. general anesthetics or other CNS depressants. In such cases of combined 
treatment. the dose of one or both agents should be reduced. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that single 
intravenous doses of SUFENTA as high as 80 yg/kg (approximately 25 times the upper human dose) 
produced no structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating test 
also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 


s 
Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.9 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 
prolonged administration of the drug. 
No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits 
There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 
Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
Therefore. such use is not recommended 
Nursing Mothers: It is not known whether this drug is excreted in human milk Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman. 
Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing 
Cardiovascular surgery has been documented in a limited number of cases. 
Animal Toxicology: The intravenous LD. of SUFENTA ıs 16.8 to 180 mg/kg in mice. 118 to 13.0 mg/kg in 
guinea pigs and 101 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results. 
ADVERSE REACTIONS 
The most common adverse reactions of opioids are respiratory depression and skeletal muscle rigidity. See 
CLINICAL PHARMACOLOGY. WARNINGS and PRECAUTIONS on the management of respiratory depression 
and skeletal muscle rigidity. 
The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were: 
hypotension (7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%) 
Other adverse reactions with a reported incidence of less than 1% were: 
Cardiovascular: tachycardia. arrhythmia 
Gastrointestinal: nausea, vomiting 
Respratory apnea, postoperative respiratory depression. bronchospasm 
Dermatological: itching 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 
DRUG ABUSE AND DEPENDENCE 
SUFENTA (sufentanil citrate) is a Schedule II controlled drug substance that can produce drug dependence of 
the morphine type and therefore has the potential for being abused 
OVERDOSAGE 
Overcosage would be manifested by an extension of the pharmacological actions of SUFENTA (see CLINICAL 
PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LD, of SUFENTA in male rats is 9.34 to 
12.5 mg/kg (see ANIMAL TOXICOLOGY for LD.9s in other species). Intravenous administration of an opioid 
antagonist such as naloxone should be employed as a specific antidote to manage respiratory depression 
The duration of respiratory depression following overdosage with SUFENTA may be longer than the duration of 
action of the opioid antagonist. Administration of an opioid antagonist should not preclude more immediate 
countermeasures. In the event of overdosage. oxygen should be administered and ventilation assisted or 
controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a nasopharyn- 
geal airway or endotracheal tube may be indicated. If depressec respiration is associated with muscular 
rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respiration. 
Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures may be 
employed 
DOSAGE AND ADMINISTRATION 
The dosage of SUFENTA should be individualized in each case according to body weight, physical status, 
underlying pathological condition, use of other drugs, and type of surgical procedure and anesthesia. In obese 
patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be determined on the 
basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see PRECAUTIONS). 


Vital signs should be monitored routinely. 


See dosage range chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 «g/kg as an 
analgesic adjunct to general anesthesia, and 2) in doses > 8 s.g/kg as a primary anesthetic agent for induction 
anc maintenance of anesthesia with 100% oxygen 

Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age 
undergoing cardiovascular surgery. an anesthetic dose of 10-25 g/kg administered with 100% oxygen is 
generally recommended. Supplemental dosages of up to 25-50 wg are recommended for maintenance, based 
on response to initial dose and as determined by changes in vital signs indicating surgical stress or lightening 
of anesthesia 

Premedication: The selection of preanesthetic medications should be based upon the needs of the individual 
patient 

Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with 
the patient's condition. taking into account the hemodynamic effects of a particular muscle relaxant and 
the degree of skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY. WARNINGS and 
PRECAUTIONS) 


ADULT DOSAGE RANGE CHART 


TOTAL DOSAGE MAINTENANCE DOSAGE 


1-2 g/kg: administered with nitrous oxide oxy- 
gen in patients undergoing general surgery in 
which endotracheal intubation and mechanical 
ventilation are required 


2-8 g/kg: administered with nitrous oxide oxy- 
gen in patients undergoing more complicated 
major surgical procedures At dosages in this 
range SUFENTA has been shown to provide 
some attenuation of sympathetic reflex activity 
in response to Surgical stimuli. provide hemo- 
cynamic stability and provide relatively rapid 
recovery 

8-30 g/kg: (anesthetic doses) administered 
with 100% oxygen and a muscle relaxant 
SUFENTA has been found to produce sleep at 
dosages >8 g/kg and to maintain a deep level 
of anesthesia without the use of additional 
anesthetic agents At dosages in this range of up 


10-25 ug (0.2-0.5 ml): as needed when move- 
ment andor changes in vital signs indicate 
Surgical stress or lightening of analgesia Sup- 
plementa!l dosages should be individualized and 
adjusted to the remaining operative time antici- 
pated 


25-50 wg (0.5-1 ml): as determined by changes 
in vital signs that indicate stress or lightening of 
analgesia Supplemental dosages should be 
individualized. and adjusted to the remaining 
Operative time anticipated 


25-50 zg (0.5-1 ml): as determined by changes 
in vital signs that indicate stress and lightening 
of anesthesia 


to 25 wg, kg. catecholamine release is atten- 
uated Dosages of 25-30 ng kg have been 
shown to block sympathetic responses includ- 
ing Catecholamine release High doses are indi 
cated in patients undergoing major surgical 
procedures such as Cardiovascular surgery 
and neurosurgery in the sitting position with 
maintenance of favorable myocardial and cere- 
bral oxygen balance Postoperative mechanical 
ventilation and observation are essential at 
tnese dosages due to extended postoperative 
respiratory depression 





In patients administered high (anesthetic) doses of SUFENTA it is essential that qualified personnel and 
acequate facilities are available for the management of postoperative respiratory depression 

Also see WARNINGS and PRECAUTIONS sections 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
acmunistration. whenever solution and container permit 

HOW SUPPLIED 

SUFENTA (sufentanil citrate) Injection for intravenous use is available as 

NOC 50458-050-01 50 ng/ml. 1 mi ampoules in packages ot 10 

NDC 50458-050-02 50 g/ml. 2 mi ampoules in packages of 10 

NDC 50458-050-05 50 „g/ml, 5 mi ampoules in packages of 10 

Protect trom light Store at room temperature 
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SYSTEM OF CHOICE FOR SAFE AND 
ACCURATE REGIONAL BLOCKS. 


The Neuro-Trace 
Nerve Locator pro- 
vides a reliable 
method to locate 
specific nerves for 
regional blocks. A 
pulsating, low cur- 
rent provides con- 
sistent accuracy 
and safety for 
nerve location. 


Facilitates axillary- 
brachial plexus, su- 
praclavicular, inter- 
costal, greater oc- 
cipital, suprascapu- 
lar, sacral, and 
other peripheral 
nerve blocks. 










St EN 


Used with extension tubing to 
allow maximum manipulation of 


The Neuro-Trace may be used to 
locate exposed nerves during 
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® ° Hypoxia is a major cause of morbidity and 
mortality during anesthesia.” 





current methods of cardiac monitoring 
may detect cardiac dysfunction too late to 
ermit brain survival.” 


“There is no question that routine, con- 
tinuous oximetry is an additional technology 
which could essentially eliminate this very 
expensive source of anesthesia malpractice 


claims?” 


<. our most pressing needs are for mon- 
itoring... the state of tissue oxygenation...” 


“Changes in oxygen saturation occur 

frequently during anesthesia regardless of 

the skill and experience of the anesthetist... 
ontinuous oximetry provides for early 

recognition and timely treatment of desat- 

uration well before the onset of cyanosis, 

a sine qua non of quality patient care. 


























THE NELLCOR PULSE OXIMETER: 
THE BEST INSURANCE AGAINST 
UNDETECTED HYPOXEMIA. 


The Nellcor Pulse Oximeter. By 
continuously monitoring patients’ 
arterial hemoglobin oxygen satura- 
tion levels, it detects hypoxemia 
before it can lead to serious med- 
ical problems. 

A precalibrated, comfortable 
photosensor is simply placed on the 
patient and the monitor turned on. 

Everything you need is right at 
hand. Immediately. Continuously. 
Accurately. And non-invasively. 

With each heartbeat, there are 
real time measurements of arterial 
saturation, pulse rate and pulse 
amplitude. 

And it doesn't have to be watched 
because there is an audible beep 
with each heartbeat that changes 
pitch to reflect any change in oxy- 
gen saturation levels. 

Plus, alarms warn instantly if 
pulse rate or saturation fall outside 
of preset limits. 


'Flynn M: Hypoxemia Detection During Pediatric Endoscopy. 
Presented at The American Academy of Pediatrics, 1983, pp 1-2. 
Davis DA: An Analysis of Anesthetic Mishaps from Medical 
Liability Claims, in Pierce EC Jr. Cooper JB leds): Analysis of 
Anesthetic Mishaps. International Anesthesiology Clinics, 
Boston, Little, Brown and Company, 1984, Vol 22. No 2, 

pp 31-42. 

*Rubsamen DS (ed): Professional Liability Newsletter, 1984, 

Vol 15, No 6. 


Early warning for instant treat- 
ment before damage can occur. 

For more information, write or 
call us toll-free at 800/433-1244. (In 
California, call 800/351-9754.) 

The Nellcor Pulse Oximeter. The 
best insurance against undetected 
hypoxemia. 


Pi’ ® 
<> NELLCOR 


Nellcor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415/887-5858 


*Whitcher C, New W Jr, Bacon B: Perianesthetic oxygen 
saturation vs. skill of the anesthetist. Anesthesiology 57; 1982. 
Suppl to abstract for American Society of Anesthesiologists, 
October 18, 1982. 


Nellcor and Nellcor Pulse Oximeter are registered trademarks 
of Nellcor Incorporated. 
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INVASIVE > 
PROCEDURES... 


On the eve of surgery, anxiety can reach 
excessive levels. At such times, oral _ 
Valium (diazepam/Roche) is often espe- X 
cially useful. Its dependable calming action 
rapidly relieves anxiety—helps assure 

a more tranquil preoperative night. And 
Valium is well tolerated by most patients: n 
side effects more serious than fatigue, 
drowsiness or ataxia are rare. 





lezenie 


scored tablets 





mounting anxiety 





Copyright © 1984 by Roche Products Inc. All rights reserved. 












See next page for references and a summary of product information. 


References: 1. Diazepam and lorazepam in anaesthesia. Drug Ther 
Bull 17(5):19-20, Mar 2, 1979. 2. Conner JT, et al: J Clin Pharmacol 
18:285-292, May-Jun 1978. 3. George KA, Dundee JW: Br J Clin Phar- 
macol 4:45-50, Feb 1977. 4. Dundee JW, Pandit SK: Br J Pharmacol 
44:140-144, Jan 1972. 5. Dundee JW, et al: Br J Anaesth 51:439-446, 
May 1979. 6. Gregg JM, Ryan DE, Levin KH: J Oral Surg 32:651-664, 
Sep 1974. 


Injectable Valium® (diazepam/Roche) V 
Valium® (diazepam/Roche) W 


Before prescribing, please consult complete product information, a 
summary of which follows: 
Indications: Management of anxiety disorders, or short-term relief of 
symptoms of anxiety. Anxiety or tension associated with the stress of 
everyday life usually does not require treatment with an anxiolytic. 
Symptomatic relief of acute agitation, tremor, impending or acute delir- 
ium tremens and hallucinosis due to acute alcoho! withdrawal; adjunc- 
tively in: relief of skeletal muscle spasm due to reflex spasm to local 
pathology; spasticity caused by upper motor neuron disorders; atheto- 
sis; stiff-man syndrome. Oral form may be used adjunctively in con- 
vulsive disorders, but not as sole therapy. Injectable form may also be 
used adjunctively in: status epilepticus; severe recurrent seizures; teta- 
nus; anxiety, tension or acute stress reactions prior to endoscopic/sur- 
gical procedures; cardioversion. 
The effectiveness of Valium in long-term use, that is, more than 4 
months, has not been assessed by systematic clinical studies. The phy- 
sician should periodically reassess the usefulness of the drug for the 
individual patient. 
Contraindications: Tablets in children under 6 months of age; known 
hypersensitivity; acute narrow angle glaucoma; may be used in patients 
with open angle glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). Withdrawal symptoms similar to those with barbi- 
turates and alcohol have been observed with abrupt discontinuation, 
usually limited to extended use and excessive doses. Infrequently, 
milder withdrawal symptoms have been reported following abrupt dis- 
continuation of benzodiazepines after continuous use, generally at 
higher therapeutic levels, for at least several months. After extended 
therapy, gradually taper dosage. Keep addiction-prone individuals 
(drug addicts or alcoholics) under careful surveillance because of pre- 
disposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first 

trimester should almost always be avoided because of 

increased risk of congenital malformations, as suggested in 

several studies. Consider possibility of pregnancy when insti- 

tuting therapy; advise patients to discuss therapy if they intend 

to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and 
other CNS depressants. 
Not of value in treatment of psychotic patients; should not be 
employed in lieu of appropriate treatment. When using oral form 
adjunctively in convulsive disorders, possibility of increase in frequency 
and/or severity of grand mal seizures may require increase in dosage 
of standard anticonvulsant medication; abrupt withdrawal in such 
cases may be associated with temporary increase in frequency and/or 
severity of seizures. 
INJECTABLE: Jo reduce the possibility of venous thrombosis, phlebitis, 
local irritation, swelling and, rarely, vascular impairment when used LV: 
Inject slowly, taking at least one minute for each 5 mg (1 ml) given; do 
not use small veins, i.e., dorsum of hand or wrist; use extreme care to 
avoid intra-arterial administration or extravasation. Do not mix or dilute 
Valium with other solutions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium directly I.V, it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pul- 
monary reserve because of possibility of apnea and/or cardiac arrest; 
concomitant use of barbiturates, alcohol or other CNS depressants 
increases depression with increased risk of apnea; have resuscitative 
facilities available. When used with narcotic analgesic eliminate or 
reduce narcotic dosage at least '/3, administer in small increments. 
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Injectable Valium® (diazepam/Roche) 
Valium® (diazepam/Roche) 


Should not be administered to patients in shock, coma, acute alco- 
holic intoxication with depression of vital signs. 

Has precipitated tonic status epilepticus in patients treated for petit mal 
status or petit mal variant status. Not recommended for OB use. 
Efficacy/safety not established in neonates (age 30 days or less); pro- 
longed CNS depression observed. In children, give slowly (up to 

0.25 mg/kg over 3 minutes) to avoid apnea or prolonged somnolence; 
can be repeated after 15 to 30 minutes. If no relief after third 
administration, appropriate adjunctive therapy is recommended. 
Precautions: If combined with other psychotropics or anticonvulsants, 
carefully consider individual pharmacologic effects—particularly with 
known compounds which may potentiate action of Valium, i.e., pheno- 
thiazines, narcotics, barbiturates, MAO inhibitors and antidepressants. 
Protective measures indicated in highly anxious patients with accom- 
panying depression who may have suicidal tendencies. Observe usual 
precautions in impaired hepatic function; avoid accumulation in 
patients with compromised kidney function. Limit oral dosage to 
smallest effective amount in elderly and debilitated to preclude ataxia 
or oversedation (initially 2 to 22 mg once or twice daily, increasing 
gradually as needed and tolerated). 

The clearance of Valium and certain other benzodiazepines can be 
delayed in association with Tagamet (cimetidine) administration. The 
clinical significance of this is unclear. 

INJECTABLE: Although promptly controlled, seizures may return; read- 
minister if necessary; not recommended for long-term maintenance 
therapy. Laryngospasm/increased cough reflex are possible during per- 
oral endoscopic procedures; use topical anesthetic, have necessary 
countermeasures available. Hypotension or muscular weakness possi- 
ble, particularly when used with narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Side effects most commonly reported were drows- 
iness, fatigue, ataxia. Infrequently encountered were confusion, consti- 
pation, depression, diplopia, dysarthria, headache, hypotension, incon- 
tinence, jaundice, changes in libido, nausea, changes in salivation, skin 
rash, slurred speech, tremor, urinary retention, vertigo, blurred vision. 
Paradoxical reactions such as acute hyperexcited states, anxiety, hallu- 
cinations, increased muscle spasticity, insomnia, rage, sleep distur- 
bances and stimulation have been reported; should these occur, 
discontinue drug. 

Because of isolated reports of neutropenia and jaundice, periodic 
blood counts, liver function tests advisable during long-term therapy. 
Minor changes in EEG patterns, usually low-voltage fast activity, have 
been observed in patients during and after Valium therapy and are of 
no known significance. 

INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, 
syncope, bradycardia, cardiovascular collapse, nystagmus, urticaria, 
hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed respiration, 
dyspnea, hyperventilation, laryngospasm/pain in throat or chest have 
been reported. 

Management of Overdosage: Manifestations include somnolence, 
confusion, coma, diminished reflexes. Monitor respiration, pulse, blood 
pressure; employ general supportive measures, LV. fluids, adequate air- 
way. Use levarterenol or metaraminol for hypotension. Dialysis is of 
limited value. 

How Supplied 

ORAL: Round, scored tablets* with a cut out “V” design—2 mag, white; 
5 mg, yellow; 10 mg, blue—bottles of 100 and 500; Prescription Paks of 
50, available in trays of 10. Tel-E-Dose® packages of 100, available in 
boxes of 4 reverse-numbered cards of 25, and in boxes containing 10 
strips of 10. 

INJECTABLE:* Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. 


“Supplied by Roche Products Inc., Manati, Puerto Rico 00701 
‘Manufactured by Hoffmann-La Roche Inc., distributed by 


Roche Products Inc. 


A first in 
selective spinal 
analgesia: 


The discovery of opiate receptors 
in the dorsal horn of the spinal cord 
has created exciting new options 
in pain management. 
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Prolonged postoperative analgesi 
with a single epidural injection... 











DURAMORPH® PF PROVIDES SUPERIOR ANALGESIA WHEN COMPARED W 


DURATION OF 
PAIN RELIEF 
IS NEARLY 
QUADRUPLED 


Hours of analgesia (Mean + S.D.) 


EPIDURAL 
1 6.1 HRS. 





POSTOPERATIVE 
ANALGESIA 
OFTEN LASTS UP 
TO 24 HOURS 


Percent of patients not requiring 
analgesia 24 hours postoperatively 


EPIDURAL 


37% 


30 


20 











PRESERVATIVE-FREE h 
Duramorpnh PF 


morphine sulfate injection, USP) Cll 


CONVENTIONAL NARCOTIC ADMINISTRATION: 








POSTOPERATIVE 
PATIENTS MAY 
BE AMBULATORY 





IN HALF THE TIME 


j 


Hours to ambulation (Mean + S.D.) — 


15 


10 


EPIDURAL 
MTRRs. 














Charts depict the results of a double-blind study 
comparing the analgesic efficacy of 5 mg epidural 
morphine (N =19) with that of 5 mg intravenous (IV) 
morphine (N = 19) following cesarean section.* 


Virtually no sedation or loss of motor function 


DURAMORPH® PF administered epidurally 
relieves pain with little effect on sensory, motor 
or sympathetic function. Patients are alert, 
cooperative and able to move about without 
discomfort. 


No potentially neurotoxic additives 


Unlike other morphine preparations, 
DURAMORPH® PF contains no bisulfites, phenols, 
chelating agents, paraben preservatives, 

or benzyl alcohol that may cause neurotoxicity 
when administered epidurally. 


Low incidence of respiratory depression 


Delayed respiratory depression has been 
reported. Patients should be monitored closely 
for 24 hours postoperatively after each dose. If 
respiratory depression should occur, it can be 
reversed readily with naloxone, without affecting 
the quality of analgesia. 


“Cohen SE, Woods WA: Anesthesiology 58:500, 1983 
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h PF 





morphine sulfate injection, USP) Cll 


DESCRIPTION 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) is a sterile, pyrogen-free, isobaric solution free of antioxi- 
dants, preservatives or other potentially neurotoxic additives, and 
is intended for intravenous, epidural or intrathecal administration 
as a narcotic analgesic. Each milliliter contains morphine sulfate 
0.5 mg or 1 mg (Warning: May Be Habit lis, and sodium 
chloride 9 mg in Water for Injection. pH range is 2.5-6.0. Ampuls 
are sealed under nitrogen. Each Dosette® ampul is intended 
for SINGLE USE ONLY. Discard any unused portion. DO NOT 
AUTOCLAVE. 


INDICATIONS AND USAGE 

Preservative-free DURAMORPH® PF is a systemic narcotic anal- 
gesic for administration by the intravenous, epidural or intrathecal 
routes. It is used for the management of pain not responsive to 
non-narcotic analgesics. Morphine sulfate, administered epidurally 
or intrathecally, pbb pain relief for extended periods without 
attendant loss of motor, sensory or sympathetic function. 


CONTRAINDICATIONS 

DURAMORPH? PF is contraindicated in those medical conditions 
which would preclude the administration of opioids by the intra- 
venous route—allergy to morphine or other opiates, acute bron- 
chial asthma, upper airway obstruction. 

Administration of morphine by the epidural or intrathecal route is 
contraindicated in the presence of infection at the injection site, 
anticoagulant therapy, bleeding diathesis, parenterally admin- 
istered corticosteroids within a two week period or other concomi- 
tant drug therapy or medical condition which would contraindicate 
the technique of epidural or intrathecal analgesia. 


WARNINGS 

DURAMORPH® PF administration should be limited to use by those 
familiar with the management of respiratory depression, and in the 
case of epidural or intrathecal administration, familiar with the 
techniques and patient management problems associated with 
epidural or intrathecal drug administration. Because epidural 
administration has been associated with lessened potential for 
immediate or late adverse effects than intrathecal administration, 
the epidural route should be used whenever possible. Rapid intra- 
venous administration may result in chest wall rigidity. 
FACILITIES WHERE DURAMORPH® PF IS ADMINISTERED MUST 
BE EQUIPPED WITH RESUSCITATIVE EQUIPMENT, OXYGEN, 
NALOXONE INJECTION, AND OTHER RESUSCITATIVE DRUGS. 
WHEN THE EPIDURAL OR INTRATHECAL ROUTE OF ADMIN- 
ISTRATION IS EMPLOYED, PATIENTS MUST BE OBSERVED IN A 
OLR gree AND STAFFED ENVIRONMENT FOR AT LEAST 24 


SEVERE RESPIRATORY DEPRESSION UP TO 24 HOURS FOLLOW- 
i ii OR INTRATHECAL ADMINISTRATION HAS BEEN 


Morphine sulfate may be habit forming. (See Drug Abuse and 
Dependence section.) 


PRECAUTIONS 


GENERAL 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) should be administered with extreme caution in aged 
or debilitated patients, in the presence of increased intra- 
cranial/intraocular pressure and in patients with head injury. Pupill- 
ary changes (miosis) may obscure the course of intracranial 
pathology. Care is urged in patients who have a decreased respira- 
tory reserve (e.g., emphysema, severe obesity, kyphoscoliosis) . 


Seizures may result from high doses. Patients with known seizure 
disorders should be carefully observed for evidence of morphine- 
induced seizure activity. 


It is recommended that administration of DURAMORPH® PF by the 
epidural or intrathecal routes be limited to the lumbar area. Intra- 
thecal use has been associated with a higher incidence of respira- 
tory depression than epidural use. 


Smooth muscle hypertonicity may result in biliary colic, difficulty in 
urination and possible urinary retention requiring catheterization. 
Consideration should be given to risks inherent in urethral 
catheterization, e.g., sepsis, when epidural or intrathecal admin- 
istration is considered, especially in the perioperative period. 


Elimination half-life may be prolonged in patients with reduced 
metabolic rates and with hepatic or renal dysfunction. Hence, care 
should be exercised in administering morphine in these conditions, 
particularly with repeated dosing. 

Patients with reduced circulating blood volume, impaired myocar- 
dial function or on sympatholytic drugs should be observed care- 
fully for orthostatic hypotension, particularly in transport. 
Patients with chronic obstructive pulmonary disease and patients 
with acute asthmatic attack may develop acute respiratory failure 


with administration of morphine. Use in these patients should be 
reserved for those whose conditions require endotracheal intuba- 
tion and respiratory support or control of ventilation. 


DRUG INTERACTIONS 

Depressant effects of morphine are potentiated by either concomi- 
tant administration or in the presence of other CNS depressants 
such as alcohol, sedatives, antihistaminics or psychotropic drugs 
(e.g., MAO inhibitors, phenothiazines, butyrophenones and tri- 
cyclic antidepressants). Premedication or intra-anesthetic use of 
neuroleptics with morphine may increase the risk of respiratory 
depression. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY 
Studies of morphine sulfate in animals to evaluate the carcinogenic 
hd i al potential or the effect on fertility have not been 
conducted. 


PREGNANCY 

Teratogenic effects— Pregnancy Category C. Animal reproduction 
studies have not been conducted with morphine sulfate. It is also 
not known whether morphine sulfate can cause fetal harm when 
administered to a pregnant woman or can affect reproduction 
capacity. Morphine sulfate should be given to a pregnant woman 
only if clearly needed. 


Nonteratogenic effects. Infants born from mothers who have been 
taking morphine chronically may exhibit withdrawal symptoms. 


LABOR AND DELIVERY 

Intravenous morphine readily passes into the fetal circulation and 
may result in respiratory depression in the neonate. Naloxone and 
resuscitative equipment should be available for reversal of narcotic- 
induced respiratory depression in the neonate. In addition, intra- 
venous morphine may reduce the strength, duration and frequency 
of uterine contraction resulting in prolonged labor. 


Epidurally and intrathecally administered morphine readily passes 
into the fetal circulation and my resultin respiratory depression of 
the neonate. Controlled clinical studies have shown that epidural 
administration has little or no effect on the relief of labor pain. 


However, studies have suggested that in most cases 0.2 to 1 mg of 
morphine intrathecally provides adequate pain relief with little effect 
on the duration of first stage labor. The second stage labor, though, 
may be prolonged if the parturient is not encouraged to bear down. 
A continuous intravenous infusion cf naloxone, 0.6 mg/hr, for 24 
hours after intrathecal injection may be employed to reduce the 
incidence of potential side effects. 

NURSING MOTHERS 

Morphine is excreted in maternal milk. Effect on the nursing infant 
is not known. 

PEDIATRIC USE 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS . 
The most serious side effect is respiratory depression. Because of 
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delay in maximum CNS effect with intravenously administered drug 
(30 min), rapid administration may result in overdosing. Bolus 
administration by the epidural or intrathecal route may result in 
early respiratory depression due to direct venous redistribution of 
morphine to the respiratory centers in the brain. Late (up to 24 
hours) onset of acute respiratory depression has been reported 
with administration by the epidural or intrathecal route and is 
believed to be the result of rostral spread. Reports of respiratory 
depression following intrathecal administration have been more 
frequent, but the dosage used in most of these cases has been 
considerably higher than that recommended. This depression may 
be severe and could require intervention (See Warnings and Over- 
dosage sections). Even without clinical evidence of ventilatory 
inadequacy, a diminished CO, ventilation response may be noted 
tor up to 22 hours following epidural or intrathecal administration. 


While low doses of intravenously administered morphine have little 
effect on cardiovascular Stability, high doses are excitatory, result- 
ing from sympathetic hyperactivity and increase in circulating 
catecholamines. Excitation of the central nervous system resulting 
in convulsions may accompany high doses of morphine given 
intravenously. Dysphoric reactions may occur and toxic psychoses 
have been reported. 


Epidural or intrathecal administration is accompanied by a high 
incidence of pruritus which is dose related but not confined to site 
of administration. Nausea and vomiting are frequently seen in 
patients following morphine administration. Urinary retention 
which may persist for 10-20 hours following single epidural or 
intrathecal administration has been reported in approximately 90% 
of males. Incidence is somewhat lower in females. Patients may 
require catheterization (see Precautions). Pruritus, nausea/ 
vomiting and urinary retention frequently can be alleviated by the 
intravenous administration of low doses of naloxone (0.2 mg). 


Tolerance and dependence to chronically administered morphine, 
by whatever route, is known to occur (see Drug Abuse and Depen- 
dence section). 


Miscellaneous side effects include constipation, headache, anxiety, 
depression of cough reflex, interference with thermal regulation 
and oliguria. Evidence of histamine release such as uticaria, wheals 
and/or local tissue irritation may occur. 


In general, side effects are amenable to reversal y narcotic antag- 
onists. NALOXONE INJECTION AND RESUSCITATIVE EQUIPMENT 
SHOULD BE IMMEDIATELY AVAILABLE FOR ADMINISTRATION IN 
CASE OF LIFE-THREATENING OR INTOLERABLE SIDE EFFECTS. 


DRUG ABUSE AND DEPENDENCE . 
Controlled Substance: Morphine sulfate is a Schedule || substance 
under the Drug Enforcement Administration classification. 


Abuse: Morphine has recognized abuse potential. 


Dependence: Cerebral and spinal receptors may develop toler- 
ance/dependence independently, as a function of local dosage. 
Care must be taken to avert withdrawal in those patients who have 
been maintained on parenteral/oral narcotics when epidural or 
intrathecal administration is considered. Withdrawal may occur 
following chronic epidural or intrathecal administration, as well as 
the development of tolerance to morphine by these routes. (See 
Nonteratogenic effects under Pregnancy. ) 


OVERDOSAGE 

Overdosage is characterized by respiratory depression with or 
without concomitant CNS depression. Since respiratory arrest may 
result either through direct depression of the respiratory center or 
as the result of hypoxia, primary attention should be given to the 
establishment of adequate respiratory exchange through provisior 
of a patent airway and institution of assisted or controlled ventila: 
tion, The narcotic antagonist, naloxone, is a specific antidote. 
Naloxone (usually 0.4 mg) should be administered intravenously, 
simultaneously with respiratory resuscitation. As the duration o 
effect of naloxone is considerably shorter than that of epidural oi 
intrathecal morphine, repeated administration may be necessary 
Patients should be closely observed for evidence of renarcotization 
Note: Respiratory depression may be delayed in onset up to 2: 
hours following epidural or intrathecal administration. In painfu 
conditions, reversal of narcotic effect may result in acute onset 0 
pain and release of catecholamines. Careful administration 0 
naloxone may permit reversal of side effects without affectin 
analgesia. Parenteral administration of narcotics in patients receiv 
ing epidural or intrathecal morphine may result in overdosage. 


HOW SUPPLIED . 
Amber Dosette® ampuls for intravenous, epidural and intratheca 
administration. 


5 mg/10 mL (0.5 mg/mL) packaged in 10s (NDC 0641-1113-33 
10 mg/10 mL (1 mg/1 mL) packaged in 10s (NDC 0641-1115-33 
Revised September 198: 
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IARS MEMBERSHIP "2t? 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational corporation 
of the State of Ohio, founded in 1922 “to foster progress and research in anesthesia.” To this end 
the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS Research Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any other 
local, state, regional or national anesthesia organization or association. Membership is open to 
individuals who qualify in the various categories shown below; who complete the appropriate 
application and submit it to the IARS Cleveland office with the applicable dues. All memberships 
include a subscription to Anesthesia and Analgesia. Members and Associate Members are entitled to a 
reduced registration fee at the IARS annual meeting; Educational Members pay no registration fee. 


.... MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in the 
medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, DVM); 
and to individuals with doctorate degrees in any scientific discipline (PhD), who are engaged in 
academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly certified by 
their professional accrediting organization as nurse anesthetists (CRNA); respiratory therapists or 
technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS), and other allied health 
professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $45.00 U.S.; $55.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician assistants, 
respiratory therapists or technicians. 


Annual Dues for Educational Members: One-half of member rate. These memberships are entered 
in January or July and are for 2- or 3-year periods only. Applications, certified by program 
directors, must accompany check to cover full membership period. 


International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 





Please send me ________ application(s) for: Membership ( ) 
Associate Membership ( ) 
Educational Membership (____) 





Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 





Street Address City, State, Zip Code (country) 
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for prolonged 
procedures: 


Viastectomy 





Coronary Bypass 


Hysterectomy 


prolonged action 
can be a plus. 


Premedication with Ativan® (lorazepam) Injection 
may well be the most logical choice for longer 
Surgical procedures where extended sedation 
and/or lack of recall are especially desirable. 

A single injection of Ativan Injection provides 
dependable sedation for 6-8 hours. When surgery 
runs longer than anticipated, or unexpected delays 
occur, repeated injections may not be required. 


{ 
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Hip Replacement 





Cholecystectomy 


Knee surgery 
Head and Neck 


Administered as recommended, Ativan Injection allays 
preoperative apprehension, relieves anxiety, leaves 
patients calm but cooperative and diminishes recall 
of events Surrounding surgery. There is little, if any, 

IV irritation at proper dilution, and only minimal effects 
on blood pressure, pulse or respiratory rate. 


The dosage of Ativan® (lorazepam) Injection should 

be individualized for each patient. For those in 

whom reduced recall and excellent sedation are desired, 

doses of 0.05 mg/kg up to a maximum of 4 mg should 
> be administered. For patients in whom lack of 

recall is not desired, and for the elderly or 


debilitated, the dose should be reduced. (LORAZEPAM) Œ 


Wyeth aboratories IM Of IV 


Piiladelphia, PA 19101 
AA See important information on following page. 


™ 
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ATIVAN toner 
INJECTION IM orl 





DESCRIPTION: Ativan® (lorazepam) injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. Ht has the chemical formula 7-chioro-5-(o-chioropheny!}-1,3-dihydro-3-hydroxy-2H- 1.4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 oF 
4.0 mg lorazepam, 0.18 mi polyethylene glycol 400 in propylene glyco! with 2.0% benzy! alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ely and lack of recail of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events. or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. in rare instances and 
where patients received greater than recommended dose, excessive sieepiness and protonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg {atso determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively Sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS. ) 

Clinically employed doses ot lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tit test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered} was impaired for a mean of eight (8} hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg iM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicie or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults—for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol. 
and benzyt alcohol) or acute narrow angle glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines. inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION, THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcoho! intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated jorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with miid to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rence with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar ONS-acting drugs, patients receiving injectable lorazepam shouid not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 io 48 hours. Impairment of performance 
may persist tor greater intervals because of extremes of age, other concomitant drugs. stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
N use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
ali CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from failing. There is no added beneficial effect from adding scopolamine to injectable lorazepam, their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 
Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. increased risk of congenital 
mattormations with use of minor tranquilizers (chiordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. in humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection shouid not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats. and two Strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, maitormed skuil and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although ail these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 
Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 


PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic anaige- 
sics. barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery fram lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventifation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or focal anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 
information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be toid lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 

Laboratory Tests: in clinical trials no laboratory test abnormalities were identified with single or multipie doses 
of lorazepam injection. Tests included: CBC. urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase. LDH. choles- 
terol, uric acid, BUN. glucose, calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines. produces CNS depression when 
given with ethy! alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test Interactions: No jaboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquiling agents. 


nogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
= di mice ne an = ange month study with oral lorazepam. Ne studies regarding mutagenesis have been per- 
formed. Pre-imp.antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 
Pregnancy: Pregnancy Category D. See WARNINGS section. 
tabor and : There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section: therefore, this use is not recommended. 
Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 
Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years: therefore, such use is not recommended. 
ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation, Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unabie to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about f% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, simular to experience with other benzodiazepines. 
Local Effects: iM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% {12/859} at 24-hour observation time. Reactions 
at injection site {redness} occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately post FV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with [V 
infusion before lorazepam was given). 
Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 
Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this {see aiso CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 
Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
miectable lorazepam with other drugs during anesthesia and surgery. 
DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. in mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia. hypotonia. hypotension. hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of averdasage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition. osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. in more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of !mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance. visual disturbances, hallucinations, delirium): however, hazards associated with 
physostigmine t.e., induction of seizures} should be weighed against possible clinical benefit. 
DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored of contains a precipitate. 
intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants shouid ordinarily be reduced. 
{See PRECAUTIONS.) For optimum effect measured as lack of recall administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore. 
such use is not recommended. 
intravenous in : For the primary purpose of sedation and relief of anxiety, usual recommended initial iV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater tikeli- 
hood of lack af recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4 mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS. and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
(V lorazepam in patients under 18 years: therefore, such use is not recommended. 
Administration: When given iM. jorazepam injection, undiluted. should be injected deep in muscle mass. inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
moniy used anesthetics, and muscle relaxants. immediately prior to fV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is Compatible for dilution purposes with: Sterite Water for Injection, USP, Sodium Chioride injection. USP. 5% Dex- 
trose injection, USP 
HOW SUPPLIED: Ativan” (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX® Sterile 
Cartridge-Needie Units. 
2mg/mi, NDC 0008-0581; 10 mi vial and tmi fifi in 2 m! TUBEX. 
4mg/mi, NOC 0008-0570; 10 mi vial and 1 mi fill in 2 mt TUBEX. 
For tM or IV injection. 
Protect from light. Keep in retrigerator. 
Directions for Dilution tor IY Use: To dilute, adhere to following procedure: For TUBEX—(1} Extrude entire 
amount of air in half-fitted TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger te 
provide additional mixing space. (4} Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial~Aspirate 
desired amount of lorazepam injection mto syringe. Then proceed as described under TUBEX. 
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Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 5’ hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique ‘‘hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, “‘sniffing”’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. ..and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 
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The pioneers of neurological surgery were more than ordi- 
nary men and women: they were risk-takers of great deter- 
mination and strength with universal human weaknesses. 
Their successes and failures constitute the history of neu- 
rological surgery. 

Neurosurgical Giants: Feet of Clay and Iron presents the 
biographies of the extraordinary men and women who ad- 
vanced the scope and integrity of neurological surgery from 
its beginning in 1879 to the present. 

The imagination, courage. and foibles are here in the life 
stories of more than sixty of this fields outstanding pioneers. 
Almost all of the surgeons mentioned were known to the 
editor, who includes some of his own pithy comments. 


For students of neurology and neuroscience, and neuro- 
surgeons interested in the backgrounds and characters of 
the men and women who shaped their specialty. this publica- 
tion is an excellent, informative. and unique source. 


1984 461 pages 0-444-009396 cloth $65.00 
(Dfl. 210.00 outside North America) 


Order from your usual supplier or In North America: 


Elsevier Science Publishing Co.. Inc.. PO. Box 1663. 
Grand Central Station. New York. NY 10163 


in the rest of the world: 
Elsevier Science Publishers. PO. Box 211. 1000 AE 
Amsterdam. The Netherlands 


Note: Price subject to change without notice. In NY State. 
please add applicable sales tax. 
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Convenient and Ready to Use 
Tracrium is easily administered —requires 
no premixing. 





Few Cardiovascular Effects 
at Recommended Dosages 


O Tracrium® (atracurium besylate) produces virtually 
no Clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 


Cardiovascular effects of atracurium 


Mean Blood Pressure (% control) N 
Values + SD 


Dosage 
(mg/kg) 














Adapted from Basta et al.3 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


Q Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


(J Once recovery begins, it is relatively rapid and 
independent of dose 


O This means that you do not have to calculate pro- 
gressively smaller doses for repeat administration, and 
that recovery is more consistent and predictable 


“One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 25%-75% recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative. ...”7 





Dosage Mean Heart Rate (% control) N 
(mg/kg) Values + SD 








Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 
within the clinical dosage range (at EDgs) for curare, 


at the upper limits of the clinical dosage range 
(at 2 x EDgs) for metocurine and outside the Clinical 


dosage range (at 3 x EDgs) for atracurium? 


O The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 


REFERENCES: 

1. Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: Anew 
intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
2. Katz RL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
Anesth Analg 1982; 61:730-734. 

3. Basta SJ, Ali HH, Savarese JJ, et al: Clinical pharmacology of atracurium besylate 
(BW 33A): A new non-depolarizing muscle relaxant. Anesth Analg 1982; 61:723-729. 
4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 1982;57:A261. 
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TRACRIUM* INJECTION 


(atracurium besylate) 


DESCRIPTION: Tracrium (atracurium besylate) is an inter- 
mediate-duration, nondepolarizing, skeletal muscle relaxant for 
intravenous administration. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct 
to general anesthesia, to facilitate endotracheal intubation 

and to provide skeletal muscle relaxation during surgery or 
mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients 
known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE 
Shere AIRWAY MANAGEMENT AND RESPIRATORY 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR 
ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, 
or cerebration. It should be used only with adequate anesthesia. 


Tracrium Injection should not be mixed with alkaline solutions 
(e.g., barbiturate solutions) in the same syringe or administered 
simultaneously during intravenous infusion through the same 
needie. Depending on the resultant pH of such mixtures, Tracrium 
may be inactivated and a free acid may be precipitated. 


PRECAUTIONS: 

General: Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine. The possibility of substantial 
histamine release in sensitive individuals must be considered 
however. Special caution should be exercised in administering 
Tracrium to patients in whom substantial histamine release would 
be especially hazardous (e.g., patients with clinically significant 
cardiovascular disease) and in patients with any history (e.g., 
severe anaphylactoid reactions or asthma) suggesting a greater 
risk of histamine release. In these patients, the recommended 
initial Tracrium dose is lower (0.3 to 0.4 mg/kg) than for other 
patients and should be administered slowly or in divided doses 
over one minute. 


Since Tracrium has no clinically significant effects on heart 
rate in the recommended dosage range, it will not counteract 
the bradycardia produced by many anesthetic agents or vagal 
stimulation. As a result, bradycardia during anesthesia may be 
more common with Tracrium than with other muscle relaxants. 


Tracrium may have profound effects in patients with myasthenia 
gravis, Eaton-Lambert syndrome or other neuromuscular dis- 
eases or in patients with severe electrolyte disorders or 
carcinomatosis. 


The safety of Tracrium has not been established in patients 
with bronchial asthma. 


Drug Interactions: The neuromuscular blocking action of Tracrium 
may be enhanced by enflurane; isoflurane; halothane: certain 
antibiotics, especially the aminoglycosides and polymyxins; 
lithium; magnesium salts; procainamide; or quinidine. 


lf other muscle relaxants are used during the same procedure, 
the possibility of a synergistic or antagonist effect should be 
considered. 


Prior administration of succinylcholine does not enhance 

the duration, but quickens the onset and may increase the depth 
of neuromuscular blockade induced by Tracrium. Tracrium 
should not be administered until a patient has recovered from 
succinyicholine-induced neuromuscular blockade. 


Pregnancy: Teratogenic Effects: Pregnancy Category C. There 
are no adequate and well-controlled studies in pregnant women. 
Tracrium should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 


Labor and Delivery: It is not known whether muscle relaxants 
administered during vaginal delivery have immediate or delayed 
adverse effects on the fetus or increase the likelihood that 
resuscitation of the newborn will be necessary. The possibility 
that forceps delivery will be necessary may increase. 


Tracrium (0.3. mg/kg) has been administered to 26 pregnant 
women during delivery by cesarean section. No harmful effects 
were attributable to Tracrium in any of the newborn infants, 
although small amounts of Tracrium were shown to cross the 
placental barrier. The possibility of respiratory depression in the 
newborn infant should always be considered following cesarean 
section during which a neuromuscular blocking agent has been 


Burroughs Wellcome Co. 
heal Research Triangle Park 


Wellcome North Carolina 27709 


administered. In patients receiving magnesium sulfate, the 
reversal of neuromuscular blockade may be unsatisfactory and 
Tracrium dose should be lowered as indicated. 


Nursing Mothers: It is not known whether this drug is excreted 
in human milk. Caution should be exercised when Tracrium is 
administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age 
of 2 years have not been established. 


ADVERSE REACTIONS: Tracrium produced few adverse 
reactions during extensive clinical trials, most of which were 
suggestive of histamine release (see PRECAUTIONS section). 
The overall incidence of clinically important adverse reactions 
was 7/875 or 0.8%. 


In the United Kingdom, where Tracrium has been marketed 
since December, 1982, the most frequent adverse reactions 
reported in association with the use of Tracrium are cutaneous 
histamine-like reactions, bronchospasm, and bradycardia. These 
have been reported to occur in about one in 10,000 patients. 
Less frequent adverse reactions are hypotension, heart arrest, 
tachycardia, cyanosis, and apnea, which have been reported to 
occur in approximately one in 100,000 patients. 


DOSAGE AND ADMINISTRATION: Tracrium should be 
administered intravenously. DO NOT GIVE TRACRIUM BY 
INTRAMUSCULAR ADMINISTRATION. 


A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous 
bolus injection, is the recommended initial dose for most patients. 
With this dose, good or excellent conditions for nonemergency 
intubation can be expected in 2 to 2.5 minutes in most patients, 
with maximum neuromuscular blockade achieved approxi- 
mately 3 to 5 minutes after injection. Clinically acceptable 
neuromuscular blockade under balanced anesthesia generally 
lasts 20 to 35 minutes; recovery to 25% of control is achieved 
approximately 35 to 45 minutes after injection, and recovery is 
usually 95% complete approximately 60 minutes after injection. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg is recommended 
following the use of succinyicholine for intubation under 
balanced anesthesia. 


Tracrium is potentiated by isoflurane or enflurane anesthesia. 
The same initial Tracrium dose of 0.4 to 0.5 mg/kg may be used 
for intubation prior to administration of these inhalation agents; 
however, if Tracrium is first administered under steady state of 
isoflurane or enflurane, the initial Tracrium dose should be 
reduced by approximately one-third, i.e., to 0.25 to 0.35 mg/kg; 
with halothane, which has only a marginal (approximately 20%) 
potentiating effect on Tracrium, smaller dosage reductions may 
be considered. 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended for 
maintenance of neuromuscular blockade during prolonged 
surgical procedures. The first maintenance dose will generally 
be required 20 to 45 minutes after the initial Tracrium injection, 
but the need for maintenance doses should be determined by 
clinical criteria. Maintenance doses may be administered at 
relatively regular intervals for each patient, ranging approxi- 
mately from 15 to 25 minutes under balanced anesthesia, slightly 
longer under isoflurane or enflurane. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg, given slowly or in 
divided doses over one minute, is recommended for patients 
with significant cardiovascular disease and for patients with any 
history (e.g., severe anaphylactoid reactions or asthma) sug- 
gesting a greater risk of histamine release. 


Dosage reductions must be considered also in patients with 
neuromuscular disease, severe electrolyte disorders, or carci- 
nomatosis in which potentiation of neuromuscular blockade or 
difficulties with reversal have been demonstrated. 


No Tracrium dosage adjustments are required for patients with 
renal disease or for pediatric patients two years of age or older. 
In pediatric patients, maintenance doses may be required with 
slightly greater frequency than in adults. 


HOW SUPPLIED: Tracrium Injection, 10 mg atracurium besylate 
in each ml. Ampuls of 5 mi (50 mg atracurium besylate per ampul). 
Box of 10 ampuls (NDC-0081-0940-10). 

Store under refrigeration at 2° to 8°C (36° to 46°F); DO NOT 
FREEZE. 


U.S. Patent No. 4179507 Printed in U.S.A. 
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mation, of which the following is a brief summary. 


DESCRIPTION: 
2mi. and 5 mi. ampoules 
Each mi. contains: 


10 mi. vials 
Each mi. contains: 


Droperidol- skree a me E 2.9 Mg. 


With 1.8 mg. methyiparaben and 0.2 mg. propyiparaben, 
and lactic acid for pH adjustment to 3.4 + 04. 
Protect from light. Store at room temperature. 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Droperidol is a neuroleptic (tranquilizer) agent. 


INDICATIONS: INAPSINE (droperidol) is indicated: 

to produce tranquilization and to reduce the incidence of 
nausea and vomiting in surgical and diagnostic procedures, 
for premedication, induction, and as an adjunct in the mainte- 
nance of general and regional anesthesia; 

in neuroleptanalgesia in which INAPSINE (droperidol) is given 
concurrently with a narcotic analgesic, such as SUBLIMAZE®* 
(fentanyl) injection, to aid in producing tranquility and 
decreasing anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 
in patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO MAN- 


AGE HYPOTENSION SHOULD BE READILY AVAILABLE. As with 
other CNS depressant drugs. patients who have received 
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INAPSINE (droperidol) should have appropriate surveillance. 
If INAPSINE {droperidol} is administered with a narcotic 
analgesic such as SUBLIMAZE ifentanyl}, the user should 
familiarize himself with the special properties of each drug, 
particularly the widely differing durations of action. in addi- 
tion, when such a combination is used. resuscitative equip- 
ment and a narcotic antagonist should be readily avaiable to 
manage apnea. See package insert for fentanyl! before using. 
Narcotic analgesics such as SUBLIMAZE (fentanyl!) may cause 
muscle rigidity, particularly involving the muscles of respir- 


ation. This effect is related to the speed of injection. its incidence 


can be reduced by the use of slow intravenous injection. 
Once this effect occurs, it is managed by the use of assisted 
or controled respiration and, if necessary, by a neuromus- 
cular blocking agent compatible with the patient's condition. 

The respiratory depressant effect of narcotics persists 
longer than their measured analgesic effect. When used with 
INAPSINE (droperidol), the total dose of aH narcotic anaige- 
sics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from 
anesthesia. it is recommended that narcotics, when required. 
be used initially in reduced doses as low as % to t3 those 
usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly, debilitated and other 
poor-risk patients. The effect of the initial dose shouid be 
considered in determining incremental doses. Certain forms 
of conduction anesthesia, such as spinal anesthesia and 
some peridural anesthetics, can cause peripheral vasodilata- 
tion and hypotension because of sympathetic blockade. 
Through other mechanisms. INAPSINE (droperidol) can also 
alter circulation. Therefore, when INAPSINE {droperidoli is 































used to supplement these forms of anesthesia, the anesthe- 
tist should be familiar with the physiological alterations 
involved, and be prepared to manage them in the patients 
selected for this form of anesthesia. 

if hypotension occurs, the possibility of hypovolemia 
should be considered and managed with appropriate paren- 
teral fluid therapy Repositioning the patient to improve 
venous return to the heart shouid also be considered when 
operative conditions permit, # should be noted that in spinal 
and peridural anesthesia, tilting the patient into a head dewn 
position may result in a higher level of anesthesia than is 
desirable. as well as impair venous return to the heart. Care 
should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. H vol- 
ume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor 
agents other than epinephrine should be cansidered. Epineph- 
rine may paradoxically decrease the blood pressure in 
patients treated with INAPSINE (droperidol) due to the aipha- 
adrenergic blocking action of droperidol. 

Since INAPSINE (droperidol may decrease pulmonary arte- 
rial pressure, this fact should be considered by those who 
conduct diagnostic or surgical procedures where interpreta- 
tion of pulmonary arterial pressure measurements might 
determine final management of the patient. Vital signs should 
be monitored routinely. 

Other CNS depressant drugs ie.g. barbiturates, tranquiliz- 
ers, Narcotics, and general anesthetics) have additive or 
potentiating effects with INAPSINE (droperidol. When 
patients have received such drugs, the dose of INAPSINE 
(droperidol) required will be iess than usual. Likewise, follow- 
ing the administration of INAPSINE (droperfdol), the dose of 
other CNS depressant! drugs should be reduced. 


goes on helping... 


‘postoperative period 


After Surgery 





(Pe 
PETET 
E STAT TO anita tier 
: 
i 
th, 










INAPSINE idraperdol) should be administered with Caution 
to patients with liver and kidney dystunction because of the 
importance of these organs in the metabolism and excretion 
of drugs. 

When the EEG is used for pastaperative monitoring. t may 
be found that the EEG pattern returns to normal slowly. 

Since INAPSINE (droperidol ts frequently used with the 
narcotic analgesic SUBLIMAZE lentanyl), it should be noted 
that fentany! may produce bradycardia, which may be treated 
with atropine, however, fentany! should be used with caution 
in patients with cardiac bradyarrhythmias” 


ADVERSE REACTIONS: The most common adverse reactions 


reported to occur with INAPSINE idroperidol) are mild fo mod- 


erate hypotension and occasionally tachycardia, but these 
effects usually subside without treatment. If hypotension 
occurs and is severe or persists. the possibility of hypovele- 
mia should be considered and managed with appropriate 
parenteral fluid therapy. Postoperative drowsiness 35 aiso fre- 
quently reported. 

Extrapyramidal symptoms (dystonia, akathisia, and oculo- 
gyric crisis) have been observed following administration of 
INAPSINE idroperidol). Restiessness, hyperactivity, and anxi- 
ety which can be either the result of inadequate dosage of 
INAPSINE (droperidol) or a part of the symptom complex of 
akathisia may occur. When extrapyramidal symptoms occur, 
they can usually be controled with anti-parkinson agents. 

Other adverse reactions that have been reported are dizzi- 
ness, chiis and/or shivering. laryngospasm, bronchospasm 
and pastoperative hallucinatory episodes {sometimes asso- 
ciated with transient periods of mental depression). 

When INAPSINE (droperidos) is used with a narcotic anal- 
gesic such as SUBLIMAZE (fentanyl). respiratory depression, 


apnea, and muscular rigidity can occur: if these remain 
untreated respiratory arrest could occur. 

Elevated blood pressure, with or without preexisting 
hypertension, has been reported following administration of 
INAPSINE (droperidol) combined with SUBLIMAZE (fentany!) 
or other parenteral analgesics. This might be due to unex- 
piained alterations in sympathetic activity following large 
doses: however, it is also frequently attnbuted to anesthetic 
or surgical stimulation during light anesthesia. 


BOSAGE AND ADMINISTRATION: Dosage should be individual- 
ized. Some of the factors to be considered in determining the 


dose are age, body weight. physical status, underlying patho- 


logical condition, use of other drugs, type of anesthesia to be 
used, and the surgical procedure involved. 
Vital signs should be monitored routinely. 


Usual Adult Dosage 

| Premedication—(to be appropriately modified in the elderty, 
debilitated, and those who have received other depressant 
drugs) 2.5 te 10 mg. (1 to 4 mL) may be administered 
intramusculariy 30 te 60 minutes preoperatively. 

H. Adjunct to General Anesthesia 
Induction—2.5 mg. (1 mi.) per 20 to 25 pounds may be 
administered (usually intravenously) along with an analge- 
sic and/or general anesthetic. Smaller doses may be ade- 
quate. The total amount of INAPSINE (droperidol) 
administered should be titrated to obtain the desired effect 
based on the indwidual patients respanse. 
Mainienance—125 to 2.5 mq. (0.5 to 1 mi) usually intra- 
venously (see warning regarding use wih concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 
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if INNOVAR® injection is administered in addition to 
INAPSINE (droperidol), the calculation of the recommended 
dose of INAPSINE (droperidol) should include the droperi- 
dol contained in the INNOVAR injection. See INNOVAR 
injection Package insert for full prescribing information. 
Use Without A General Anesthetic in Diagnostic Proce- 
dures—Administer the usual LM. premedication 2.5 to 10 
mg. {1 to 4 mi.) 30 to 60 minutes before the procedure. 
Additional 1.25 to 2.5 mg. (0.5 to tmi amounts of 
INAPSINE (droperidal) may be administered. usually intrave- 
nously (see warning regarding use with concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain 
procedures, such as bronchoscopy, appropriate topical 
anesthesia is still necessary. 

iV. Adjunct to Regional Anesthesia~2.5 to 5 mg. {1 to 2 mi) 
may be administered intramuscularly or slowly intrave- 
nously when additional sedation is required. 


HH. 


How Supplied: 2 mi. and 5 mi. ampoules—packages of 10; 

10 mi. multiple-dose vials—packages of 10. 

U.S. Patent No, 3.167.645 

NDC 50458-010-02: NDC 50458-010-05: NDC 50458 -010-10 
March 1980, Revised June 1980 

“See full prescribing information for complete description. 
©: Janssen Pharmaceutica inc. 1983 
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Marcaine Spinal 
bupivacaine HCI, USP 0.75% 
with dextrose, USP 8.25% injection 


PLEASE CONSULT FULL PRESCRIBING INFORMATION: A SUMMARY FOLLOWS: 
CONTRAINDICATIONS: MARCAINE Spinal is contraindicated in patients with a known hypersensitivity 
to k or to any local anesthetic egent of the amide-type. The following conditions preciude the use of 
epinal angethesia: (1) Severe hemorrhage, severe hypotension, or shock and arrhythmias, such as 
complete heart block, which severely reevict cardiac Sutput: (2) Local infection at the site of propoead 
limber puncture; (3) Septicemia. 
WARNINGS: LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL 
VERSED IN DIAGNOGIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMER- 
GENCES WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER 
INSURING THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIO- 
PULMONARY RESUSCTIATIVE EQUIPMENT, AND THE PERSONNEL NEEDED FOR 
MANAGEMENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. 
pepe aed DELAY SNe een Gece DOSE-R 
LATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE DEVELOPMENT OF 
ACIDOSIS, CARDIAC ARREST, AND, POSSIBLY, DEA 

Sel cet AA Ee ud o A E be clica wekcal ids Sa 
may the drug further cephalad than desired. 
of carei: propo laid allel lg anesthesia indicates entry into the subarach- 
uld be performed before the aneathetic is infected to confirm entry imo the 
Fe NE, ee oe oe 

E solutions shoukd not be used concomitantty 


occur MARCAINE sou- 
patients 
of the triptyline or imipramine typea, because 


hypertension may result, 
Administration of MARCAINE to patients younger than 18 years Is not recommended, Je rdolophtl ol 
or the prior or Intercurrent use of any other local anesthetic with MARCAINE because of insufficient data 

on the clinical use of such mixtures. 


PRECAUTIONS: Generai: The safety and effectiveness of apinal anesthetics depend on proper dosage, 
al ete dur amc tart a a br EEEa D Heeuscitathe equipment, 
en A yr drugs should be avallabie for Immediate usa, (Sea WARNINGS and 

ioe A A AN slice hebben pal a an MANG ap eh aan 
a an erari Ae lowest dosage of local anesthetic that results In effective anesthe- 

be used. Aspiration for blood should be performed before and injection should be 
made slowly. Tolerance varies with the status of the patient Elderly patients and 
require reduced doses. Reduced doses may siso be indicated in patients with į 


signs of central nervous system toxicity. 
severe digturbances of cardiac rhythm, 


spinal anestheela may reeult in eral vasodilation and hypoten- 
a number of dermatomes blocked. pressure should be carefully 


shock or heart block. 


pasma concentrations. Loca! anesthetics 
should alec be used cautiousty in patients with en peied cardivaprular finict on ostanes tiny miy DA 
iess able to compensate for functional changes associated with the prolongation of A-V conduction 
produced by these drugs. However, dosage recommendations for spinal anesthesia are much lower than 
those In other major blocks; most experience regarding hepatic and cardiovascular disease dose- 
related toxicity ls derived from these other major blocks. 
Serious dose-related cardiac arrhythmias may occur If preparations containing a vasoconstrictor 
such as epinephrine are used in patients during or following the adminigtration of potent Inhalation 
in deciding whether to use theese products concurrantty in the same patient, the combined action 
both agents on the myocardium, the concentration and votume of vasoconstrictor used, and the time 
since infection, when applicabile, should be considered. 
drugs used during the conduct of anesthesia are considered potential 
Heda hy ho tae dae sic E caneral unechasie E Ge coed ica 
prc ta lee I hare Go seh 4 tobe ade Onno pel Poti 
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sadache; (4) Hypotensio hypertension; (5) Technical 
or bioody tap}: iG) Aredia cr echnel Unters T) aesven ol aoe. (8) Psychosis 


or other causes of poor Cooperation by the patient. 
Information for Patients: Patients should be Informed that may temporary lose of 
eeneation and motor ect, usualy In the lower halt ot the , following proper actninistration of 
spinal anesthesia. Also, when appropriate, the physician should discuss other information Inctuding 
actverae reactions in the MARCAINE Spinal PEA insert 
Ctintoally Significant pve interactions: Local anesthetic aoftions comtaining epinephrine or norepi- 
neohrine adminteteread monoamine oxddase inhibitors or tricyciic 
mary DOYA, n. Concurrent use of theee agents shouid generally be 
avoided but, when neceesary, Fee panoni Coney see 
Concurrent adminkwtration of vasopressor of ergot-type oxytocic drugs may cauee severe 
peraistent hypertension or cerebrovascular 
Phenothiazines and butyrophenones may reduce or reverse the pressor offect of epinephrine. 
Carcinogenesis, Mutagenceis, and Impairment of Fertility:.Long-term studies In animals of most 
local arvsathetics inctuding bupivacaine to evaluate carcinogenic potential have not been conducted. 
Mutagenic potential or the effect on fertility have not been determined, There ie no evidence from 
sls rte E olan aarti a gn hed a torar 
Pragnaney apon O boptvcalnehyarochiorto was administered in dasoa comparatie in rabbits have been 
obeerved when was administered in doses comparable to 230 and 130 times 
recommended human spinal dose. There are no adequata and 


oi teen A EAE ame cl EUA O on ine AOE tie PU ride 
shoud be used during nancy orty U the potential benefit lustifies the potential risk to the fetus. This 
does not exctude the use term for obstetrica Dolivery.) 
Labor and Delivery: anesthosis has a use du labor and 


recognized ing dalivery. Buptvacaine 
Intetared property, vie the epidural route In doses 10 to 12 times the amount 
anesthesia has been used for obetetrical analgesia and anesthesia without evidance of 


metemal hypotension. Local anesthetics produce vasodilation by 
NAA eres Sonia teak its oe and positioning her on her heft aide will help 
aoni Coceanes. ie 


bicod The fetal heart rete should be monitored continucusiy and 
teen ore foe mOn SONG Is man advisable. 
k ls extremety important to aortocaval compression by the gravid uterus during administrations 
of regiona block to parturients. To do this, the patient must be m ned in the left decubitus 


her a blankat okot sanoDag may be placed beneath the right hip and the gravid uterus displaced 


ier halle aah TUO lara ec TLT COn Ey o 
ee ere cic e epee Ogon reported oe er eee 
with motor function. 


reported 
obetetrical patiente. The MARCAINE hydrochiorkie package insert for epktural, nerve 
cusses this problem. These cases are compatible with systemic toxtcity following unintended 


lar infection of the much t doses recommended for ral anesthesia and herve not occurred 
within the dose range of bu hydrochloride 0. recommended for obstetrical spina! anos- 
thesia. The 0.75% concentration of MARCAINE ls theredore not recommended for obstetrical epidural 
aneethasia, MARCAINE Spinal (ouptvecaine HC! 0.76% with dextrose 8.25%) is recommended for spinal 
anesthesia in obstetrics. 

ete tae tre Cee ae renee tet maas 
caution ehoutd be exercised when local anesthetics are adm 


ADVERSE REACTIONS: OCG SULA CRON OR oe CAET 
emide-type toca] anesthetics. The most commonly encountered acute advarss 


Factors influencing piesa protein binding, such as acidosis, syatomic dis- 
agesas ‘which aker protein production, or competition of other drugs for protein binding sites, may diminish 


Reep! ratory System: Respiratory paralysis or underventilation 
owt of spinal aethaia and may sad to socondary hypoxie 


arrest if untreated. Preaneethetic 
intraoperative sedatives, as woll as $u man contribute to 
AAEN. (he wil Uauniy Once ANAE wea of spine! an solution, but 


because of differing maximal onset times, intercurrent drug use, and surgical 
ad any time during surgery or the Immedtete 


recovery period, 
Cardiovascular System: Hypotension poe epi tape Is a Commonly encountered 
exdension of the clinjoal pharmacology of spina! la more commonty observed in patients 


epreod 
injection, may lead to high plasma hevets and related the 
ut, bradycardia, ONE DOR AGE tilar arrhythmias and Possibly cardiac arrest (See WARNINGS, 


ervous Syston: Scarce bagi or underventilafion secondary to cephalad spread of 
the lawoi of epinal aneethesia (eee Respiratory Sytem) and hypotension for the same reason {see 


ent and/or 


abeent, 
reaction. This may quickly be followed by 


Adverse neurologic reactions associated with the uae of local ansethafics may be reeled to 
of local anesthetic administered and also depend on the particular drug used, the route of 


function; weakness and paralyste of the lower excremittes and foes of 
ephincter control all of which may have slow, OF no recowary; gion; high or totai spinal 
bock: urtnavy retention; headache; backache: Se een mening kmus; each s sowing of 


labor, increased incidence of forceps delivery, shivering; oranial nerve palsies dus to traction on nerves 
from ioes koes of cerebrospinal fuid; fecal and urinery Incontinence. 

Allergic: Allorgic-type reactions are rare and may occur as a reeult of sensitivity to the local anesthetic 
These reactions inchucte urticaria, prurttue, angioneurotic edema (inctuding laryngeal edema), 


tachycardia, excessive sweating, obevaied temperatura, 
and possibly anaphylactoid-like aympi symptomatology ng severe ). Crosse-senalttety 
among members of ths amide-type focal glass i el been reported. 

Other: Nauses and vomiting may occur during spinal anesthesia. 


CE eee EEES ON neat OCL are pe cae, (omen og) Peeve a 
erianaion of apina anesthesia. Hypotension Ja commonly encountred ps aprwa) 

anaon Gi a Hypotension ls commonly encountered during the conduct rot spinal 
anesthesia due tone or contributory obdetruction of venous retum. 


ayate 
pressure by mask This may prevent convulsions H they havs not already occurred. 
if necesaary, be Sacre Acad decree Card eocaor Cerda E ohe facta 
vll the petlent without dapressing cendra! nervous or and factitate 
“A bolus I does of 5 mg to 10 mg of diazepam or 50mg 1o 100 mg of tdopertal wil parmi 
vantiation and counteract central nervous depress central 
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Circulaiion should ba evaluated. Supportive treatment of circu 

tration of intravenous fluids, and when appropriate, a vasopreassor 
Hypotendion dua io evfiecinuec colunetion may he managed wit firavanous tude I an alloc to 

relieve mechanical obstruction of venous return of by using vasopreaeors and, H indicated, by 
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that oxygen consu and carbon dioxide 
convulsions and emphasize the importance of reds aid 


myocard 

bradycardia, asystole, veniricutar arrest. 
@poer, may occur Undarventiiation or apnea due to 4 high or total spinal 
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instituted and 


pregnant 
ravid uterus. Thersiore, during treatment of systemic toxdcity, maternal hypotension 
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The mean seizure rig pesoi rhesus monkeys was found mg/kg mean 
raria ean adel Intravenous and subcutaneous LD p in mice bs 6 mg/kg 


ly. 
nai Solutions: Each 1 mi of MARCAINE 


Composettion of MARCAINE 8 Spinal contaira 7.6 
pacer arlene stone E yipee iasg a of this solution is ip soraia bow eda yr 
sodium hydroxide or hydrochloric acid. The gravity of Spinal is between 1.030 

and 1.035 at 26°C, and 1.03 at 37°C. MARCAINE Spinel does not contain arty preservatives, 
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Introducing 
a reliable 
anesthetic 
for spinal 
anesthesia 


Few spinal anesthetic 
failures 









New Marcaine” Spinal offers the advan- 
tage of dependable and profound anes- 
thesia for a wide variety of surgical and 
obstetrical procedures. MARCAINE Spinal 
in a dose of 7.5 mg had only one anesthetic 
failure in 121 patients*' 


“e reliable local 
anesthetic solution 
for spinal anesthesia." 


Rapid onset—within one minute 
Long duration — two to three hours 
Premixed hyperbaric solution 

No added bisulfites 


Marcaine Spinal 


(bupivacaine HCI, USP 0.75% 
with dextrose, USP 8.25% 
injection) 
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SPISS CK, SMITH CM, TSUJIMOTO G, HOFFMAN BB, 
MAZE M. Prolonged hyporesponsiveness of vascular 
smooth muscle contraction after halothane anesthesia in 
rabbits. Anesth Analg 1985;64:1—6. 


Halothane diminishes smooth muscle contractility in vas- 
cular tissue. In order to further characterize this phenom- 
enon we undertook a series of in vivo and ex vivo experi- 
ments. Pressor dose-response curves to the selective 
a-adrenergic agonist, phenylephrine, were constructed in 
groups of rabbits before, during and 2 hr after halothane 
anesthesia and the dose of phenylephrine that induced a 25 
torr increase in mean arterial pressure (ED25) was derived 
by polynomial regression analysis. ED2s torr increased sig- 
nificantly during halothane anesthesia, and rabbits re- 
mained in this insensitive state when the EDs was assessed 
2 hr after anesthesia. 


Halothane remains a commonly used general anes- 
thetic because of its safety (1) and ease of adminis- 
tration. It is widely used to facilitate instrumentation 
of laboratory animals prior to physiological tésting in 
the awake state. Halothane’s depressant effect on the 
cardiovascular system is a drawback however, be- 
cause it causes a dose-dependent decrease in arterial 
blood pressure. This hypotension is due to halo- 
thane’s negative inotropic and chronotropic actions 
(2-6). Additionally, the peripheral vasculature is af- 
fected by halothane (7), although the extent and di- 
rection of change varies in different vascular beds (5); 
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The halothane-induced loss of responsiveness was cor- 
roborated by ex vivo experiments utilizing aortic rings from 
halothane-anesthetized rabbits. The maximal contraction to 
norepinephrine (NE) was significantly lower in halothane- 
treated aortic rings and only slowly returned to normal by 
4 hr. The ECso (the dose causing a 50% maximal contrac- 
tion) for NE was significantly greater in aortic rings from 
halothane-anesthetized rabbits. This loss of sensitivity, re- 
flected by the higher ECso was not restored by 4 hr of ex 
vivo incubation in a halothane-free medium. We conclude 
that halothane induces loss of sensitivity to adrenergic ag- 
ontsts that persists for several hours after termination of the 
halothane anesthetic. 


Key Words: ANESTHETICS, votatite—halothane. 
SYMPATHETIC NERVOUS SYSTEM—a-adrenergic 
responsiveness. ARTERIES, REACTIVITY. 


splanchnic vascular resistance is enhanced while the 
resistance in the iliac and renal beds decreases (5). 
Overall, a significant decrease in the systemic vascular 
resistance is noted after prolonged halothane anes- ` 
thesia in concentrations of 1-2.5% (4). 

The mechanism whereby halothane diminishes the 
peripheral vascular resistance is poorly understood. 
smooth muscle contractility of the vasculature is in- 
fluenced by the autonomic nervous system; halothane 
depresses preganglionic sympathetic nerve activity (8), 
sympathetic ganglionic transmission’ (9),. and post- 
ganglionic nerve transmission (9) in a dose-dependent 
manner. Halothane also inhibits the release of en- 
dogenous norepinephrine provoked by electrical nerve 
stimulation (10). All these effects result in a diminu- 
tion in the available norepinephrine necessary to ac- 
tivate the smooth muscle and initiate the contractile 
process. 

In addition to these indirect effects on neural va- 
somotor activity, halothane directly decreases the 
contractility of aortic strips (11-14). This in vitro 
halothane-induced relaxation cannot be mimicked, 
aborted, or prevented with known pharmacologic ag- 
onists and antagonists of smooth muscle receptors 
(2,12—-15). It is noteworthy that the physical presence 
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of halothane was necessary to induce these effects, 
because after halothane washout, the parameters of 
contractility returned promptly to normal (11,14). This 
rapidly reversible property is often cited as justifica- 
tion for the use of halothane to prepare animal models 
in which subsequent perturbations can be performed 
from a stable baseline. 

However the extent to which the direct vascular 
depressant effect of halothane persists after termi- 
nating the anesthetic has not been established. The 
present study was designed to investigate, both in 
vivo and ex vivo, the reduction in vascular respon- 
siveness that is present after termination of the hal- 
othane anesthetic. 


Methods 
In Vivo Experiments 


Male New Zealand white rabbits (2.5-3.0 kg) from 
the same source were used for all studies. Catheters 
were inserted into the central artery and vein of the 
ear to measure mean arterial pressure (MAP), with- 
draw blood, and inject drugs. Maintenance intrave- 
nous fluids consisted of 5% dextrose in 0.2N saline 
at a rate of 4 ml-kg~*-hr~?. At least 20 min were al- 
lowed to elapse after the cannulation before experi- 
mental manipulations began. 

Blood pressure response curves to the selective 
@,-adrenergic agonist, phenylephrine, were defined 
according to a modification of the method of Hamilton 
and Reid (16). Phenylephrine, 100 ug/ml, was infused 
(Harvard syringe pump) over 1 min, and the highest 
- MAP achieved was noted from a recording of the 
blood pressure response. After 5 min, the MAP re- 
turned to the basal state. Logarithmically spaced in- 
cremental doses, ranging from 12.5 to 200 ug/min, 
were infused, and the transduced MAP was recorded 
on a direct writing oscillographic recorder (Beckman 
R-511A). The phenylephrine log dose pressor- 
response curves were derived by polynomial regres- 
sion (17), and the dose of phenylephrine correspond- 
ing to a 25 mm Hg increase in MAP (EDs) was 
calculated. 

The ED., was selected as our measure of a-adren- 
ergic responsiveness for a number of reasons. In our 
in vivo model, phenylephrine at the highest dose (200 
pg/min) induced vasoconstriction to the extent that 
the arterial trace dampened out, precluding a reliable 
measurement of blood pressure in the awake animal. 
Therefore, we were able to assess neither the maximal 
response, nor the dose of agonist necessary to induce 
the half-maximal response. These two parameters, 
which are most useful in describing changes in ad- 
renergic responsiveness, can only be derived when 
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data from the full dose-response curve are available. 
Secondly, phenylephrine, especially at higher doses, 
may enhance blood pressure by increasing myocardial 
contractility (18). Thus the phenylephrine-induced 
pressor effect may not solely reflect an increase in 
systemic vascular resistance at higher increments in 
blood pressure. Furthermore, counterregulatory 
mechanisms, such as bradycardia, are invoked after 
moderate elevations in blood pressure. 

Group I rabbits (1 = 7) were awake controls. In 
this group, the dose pressor—response assessment was 
performed at 0 min and repeated after 3 and 6 hr. In 
group Il rabbits (n = 7), a preanesthetic dose-response 
to phenylephrine was performed. Anesthesia was in- 
duced in this group by mask inhalation of halothane 
in oxygen delivered through a modified Ayre’s 
T-piece in high enough flow rates to insure a non- 
rebreathing circuit. After endotracheal cannulation (19) 
with a cuffed 3.0 inner diameter endotracheal tube, 
ventilation was controlled with a volume-limited ven- 
tilator at a rate of 35 breaths/min to maintain the end- 
tidal CO, in the normocarbic range as measured by 
an infrared analyzer (Beckman LB-2). This was con- 
firmed by measurement of arterial blood-gas tensions. 
Anesthesia was maintained with a halothane concen- 
tration of 1.6% vol/vol (2 MAC of halothane for rab- 


bits) (20) as determined by infrared gas analysis. Tem- 


perature (rectal) was maintained at 38.5°C with heating 
lamps and warming blankets where appropriate. After 
2 hr of anesthesia, the phenylephrine dose-response 
curve was defined. Thereafter, halothane was dis- 
continued, the rabbit was extubated and recovered, 
and 2 hr later, the phenylephrine dose-response curve 
was repeated. 

An additional unanesthetized awake group of rab- 
bits (group I, n = 8) was employed to mimic the 
hypotension that occurs during and after halothane 
anesthesia. Arterial hypotension was induced in con- 
scious rabbits with a combination of trimethaphan 
(25-50 yug/min) and sodium nitroprusside (1.3-3 
g/min) to achieve approximately the same MAP, over 
the same time period, that was obtained during hal- 
othane anesthesia (32 torr). The dose-response curve 
to phenylephrine was determined. The vasodilators 
were then adjusted to maintain the MAP at the level 
noted after termination of halothane anesthesia (52 
torr) in the group II rabbits. After 2 hr the phenyle- 
phrine dose-response curve was repeated. Plasma 
catecholamine concentrations were measured by high 
performance liquid chromatography (21) in the rabbits 
in the awake, anesthetized, postanesthetized, and hy- 
potensive states immediately before the phenyle- 
phrine dose pressor—response assessments were 
undertaken. 


VASCULAR HYPORESPONSIVENESS AFTER HALOTHANE 


Ex Vivo Experiments 


Ten unanesthetized rabbits were given 1000 units of 
heparin subcutaneously and were sacrificed 15-20 min 
later by concussion and cardiac excision. Thoracic aor- 
tas were rapidly dissected free, cleaned of all adherent 
connective tissues and placed in modified Kreb’s so- 
lution of the following composition (in mM): NaCl 
118.2; KCI 4.6; CaCl, 2.5; MgSO, 1.2; NaHCO; 24.8; 
KH, PO, 1.2; glucose 10.0; and bubbled with a gas 
mixture containing 95% O, and 5% CO», pH 7.4 (22). 
The buffer was changed 20 times during the experi- 
ment. Aortic rings (3-mm wide) were mounted in a 
25-ml jacketed tissue bath kept at 37.5~38°C. An initial 
resting tension of 1.0 g was applied and the rings 
were allowed to equilibrate for 2 hr before exposure 
to drug. Responses were recorded as changes in grams 
of tension on a physiological recorder with a strain- 
gauge force displacement transducer (UC-3, Gould). 
Cumulative dose-response curve for norepinephrine 
and histamine were performed by producing a step- 
wise increase in concentration of each drug as soon 
as a steady response was obtained from each preced- 
ing dose. 

The ECs and maximal contractions (Emax) were de- 
termined by a best fit of the four-parameter logistic 
equation (23) on a Hewlett Packard 9816 computer. 
Another 5 animals were anesthetized with halothane 
as described in the in vivo experiments. After 2 hr of 
anesthesia, the thoracic aorta was removed, and the 
contractility in the aortic rings measured as above at 
2 and 4 hr after removal. For both the in vivo and ex 
vivo experiments, data were compared by the two- 
tailed paired and unpaired t-test where appropriate. 
P < 0.05 was considered statistically significant. 


Results 
In Vivo Experiments 


Results for the in vivo experiments are tabulated in 
Table 1. The ED; in group I animals (normotensive, 
awake) did not change significantly at 0, 3, or 6 hr 
(Table 1). These data indicate that our model of 
a-adrenergic responsiveness is reproducible and sta- 
ble over this time and showed no change with re- 
peated testing. In the halothane-treated rabbits the 
ED» during anesthesia (107 + 20 ug/min) was sig- 
nificantly (P < 0.01) higher than that observed in the 
preanesthetic state (70 + 22 wg/min). This insensitiv- 
ity to phenylephrine, as reflected by the higher ED», 
persisted for a further 2 hr after the termination of 
the halothane anesthetic (134 + 29 g/min) (Table 1, 
Fig. 1). In group III rabbits, hypotension was induced 
to the same degree as that seen during (MAP 32 torr) 
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Table 1. Phenylephrine Dose—Pressor Response (ED,s)" 


Group n” g/min p 

I—control 

0 hr 7 83 + 35 

3 hr i 87 + 26 NS 

6 hr 7 79 + 30 NS 
H“—halothane 

Pre 7 70 + 22 

During 107 + 20 <0.01/ 

After 7 134 + 29 >0.058 
M—hypotension 

MAP 32 torr. 8 40x 7 <0.001" 

MAP 53 torr 8 26-5 <0.001 


"Dose of phenylephrine (mean + sp) causing a 25 torr increase in MAP. 
"Number of animals. ‘Normotensive awake animals tested at 0, 3, and 6 hr. 
“Animals tested before, during, and 2 hr after halothane anesthesia. 
‘Hypotensive awake animals tested at similar blood pressures to during (32 
torr) and after (53 torr) halothane anesthesia. ‘Paired comparison of during 
vs control. ‘Paired comparison of during vs after anesthesia. "Unpaired com- 
parison with during anesthesia in group I]. ‘Unpaired comparison.with after 
anesthetic in group II. 


and after (MAP 53 torr) halothane anesthesia. When 
compared with these hypotensive awake rabbits, the 
halothane-treated rabbits had a significantly (P < 0.001) 
higher EDs (Table 1, Fig. 1). Plasma catecholamine 
concentrations (Table 2) did not differ significantly at 
the times measured under the various experimental 
conditions of awake, anesthetized, postanesthetic, and 
hypotensive states. 


Ex Vivo Experiments 


Responses of aortic rings to norepinephrine are pre- 
sented in Table 3 and Figure 2. Two hours after hal- 
othane anesthesia, the sensitivity (ECs 9) and the Emax 
are markedly reduced compared to controls. After 4 
hr of ex vivo incubation, the Emax was not different 
from controls, but ECs) was still significantly in- 
creased compared to controls. The histamine re- 
sponse curves (Table 3 and Fig. 2 (lower panel)) showed 
no change in sensitivity after halothane anesthesia, 
but the Emas was reduced at 2 hr and returned to 
control values after 4 hr of ex vivo incubation. 


Discussion 


Using a combination of in vivo and ex vivo tech- 
niques, our data demonstrate adrenergic hypore- 
sponsiveness in vascular tissue during halothane 
anesthesia that is only slowly reversible after termi- 
nation of the anesthetic. Responsiveness of a-adren- 
oceptors can be assessed by using incremental infu- 
sions of specific agonists such as phenylephrine (16). 
We chose this noninvasive assessment of the in vivo 
responsiveness of the circulation because of its sim- 
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Figure 1. Upper panel: phenylephrine dose pressor—response curves 
in rabbits before anesthesia (@-----m), during halothane anesthesia 
(O----0}, and 2 hr after the termination of the halothane anesthetic 
(A----A). Lower panel: phenylephrine dose pressor—-response curves 
in unanesthetized rabbits in which the starting MAP was adjusted 
to the same level as noted during halothane anesthesia, 32 torr, 
(@-----@) and 2 hr after terminating halothane anesthesia, 53 torr, 


plicity and because we could confirm these effects 
directly in the accompanying ex vivo experiments. 
Because baroreflexes to phenylephrine-induced 
pressor effects may vary at different absolute MAP 
values, we employed an induced hypotensive awake 
group of rabbits as an additional control for the group 
II (anesthetized) animals. Although the mechanisms 
of hypotension during halothane anesthesia and from 
a combination of trimethaphan and sodium nitro- 
prusside differ, the sympathoadrenal response, as re- 
flected by plasma catecholamine levels, was similar 
in all hypotensive animals. Thus the diminished re- 
sponse observed in the halothane anesthetized ani- 
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Table 2. Plasma Catecholamines in Anesthetized and 
Awake Rabbits 





n" Epinephrine” Norepinephrine” 
Halothane“ pg/ml pg/ml 
Pre Z 60 + 57 306 + 119 
During 7 34 + 28 271 + 111 
After 7 42 + 31 269 + 143 
Awake? IH 
Narmotensive 8 Do +57 205 + 121 
MAP 32 torr 8 34 + 23 164 + 114 
MAP 52 torr 8 35 + 24 175 + 131 
i NS NS 


"Number of animals. "Mean + sp. ‘Catecholamines measured before, 
during, and 2 hr after halothane anesthesia. “Catecholamines measured be- 
fore (normotensive) and during induced hypotension with trimethaphan and 
sodium nitroprusside. These hypotensive animals were tested at blood pres- 
sure levels similar to those observed during (32 torr) and after (53 torr) 
halothane anesthesia. ‘There were no statistically significant inter- or intra- 
group differences. 


mals cannot be explained by increased levels of cir- 
culating neurotransmitter inducing desensitization. 
Given that the effects of halothane on baroreceptor 
responsiveness are severely depressed (24,25), the 
much smaller pressor response to phenylephrine in 
the halothane-treated rabbits is even more prominent. 

The most startling finding of our study is the pro- 
longed period of a-adrenergic hyporesponsiveness after 
halothane anesthesia. In the in vivo state, at 2 hr after 
termination of halothane anesthesia, the dose of 
phenylephrine necessary to increase the MAP by 25 
torr was still significantly greater than the preanes- 
thetic or hypotensive controls. After 2 hr of anesthesia 
at2.0 x MAC of halothane for the rabbit, considerable 
amounts of this lipophilic agent have partitioned into 
fat stores. Recent fluorine-19 nuclear magnetic reso- 
nance studies show that halothane is detectable in the 
brain up to 96 hr after a short anesthetic (26). Even 
though rabbits have rapidly regained consciousness, 
the cardiovascular depressant effects unexpectedly 
remain. 

In an earlier in vitro study, Clark and MacCannell 
showed that halothane decreased the maximal re- 
sponse of rabbit aortic strips to norepinephrine (14). 
The responsiveness to adrenergic agonists could be 
promptly restored to normal after a 30 min washout 
with a halothane-free medium. However, the revers- 
ibility of the ex vivo hyporesponsiveness is much slower 
when the aorta is exposed to halothane in vivo. We 
speculate that hepatic biotransformation of halothane 
produces metabolites that may be more difficult to 
expunge from the tissue ex vivo than the parent com- 
pound. Experimental evidence to support this con- 
tention includes the week-long elevation in bromide 
excretion after halothane anesthesia (27). 
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Table 3. Responsiveness of Aortic Rings to Norepinephrine and Histamine” 


Norepinephrine 
n’ ECso" (44M) 
Control’ 10 0.03 + 0.0] 
Halothane’ 
2 hr 5 0.11 + 0.02s 
4hr 5 0.09 + 0.02s 


1985;64:1-6 
Histamine 
Base’ (g) ECan (uM) Enae (g) 
6.93 + 0.15 2.66 + 0.27 7.12 + 0.23 
5.05 + 0.86" 2.41 + 0.10 5.29 + 0.08' 
7.21 + 0.72 2.00: O47 7.21 + 0.42 


*Ex vivo contractile response of aortic rings to norepinephrine and histamine in water bath (mean + sp). "Number of experiments. Each experiment was 
performed in duplicate. “ECs is the dose of agonist eliciting the half maximal response. Ema; is the maximal contraction achieved. ‘Rabbits were sacrificed 
and thoracic aortas harvested for contractile responses after 2 hr of ex vivo incubation. 'Halothane-anesthetized rabbits were sacrificed, thoracic aortas 
harvested, and contractile responses measured after 2 and 4 hr of ex vivo incubation. *P < 0.001. *P < 0.002. 'P < 0.005. 
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Figure 2. Ex vivo dose-response curves to norepinephrine (upper 
panel) and histamine (lower panel) in aortic rings. Changes, in grams 
of tension displaced, in response to norepinephrine or histamine 
were recorded in tissue from unanesthetized rabbits (control) and 
in halothane-treated rabbits after 2 hr (t = 2) and 4 hr (t = 4) of 
ex vivo incubation. 


The persistent vascular hyporesponsiveness that 
we demonstrated may be dose- and exposure-time 
dependent. Thus a lesser effect may be demonstrable 
at lower halothane concentrations delivered for a 
shorter duration. 


Halothane induces a heterologous loss of sensi- 
tivity (28) in the aortic rings because the maximal re- 
sponse to histamine as well as norepinephrine is re- 
duced. Thus the site at which halothane decreases 
contractility probably lies distal to the smooth muscle 
receptor. Halothane has widespread effects on cal- 
cium ion translocation resulting in a disruption of the 
coupling of excitation and contraction (13) that may 
constitute the basis for its cardiovascular depressant 
action. 

The implications of our data are twofold. Halo- 
thane should probably not be used to facilitate in- 
strumentation of animals in which subsequent car- 
diovascular physiological experiments are to be 
conducted. If it is necessary to use halothane for this 
purpose, then the onus is on the investigator to dem- 
onstrate that residual hyporesponsiveness no longer 
pertains. While we noted a persistent effect for at least 
2 hr, this may last longer as indicated by the ex vivo 
experiment. Secondly, because of the apparent loss 
of responsiveness, higher doses of vasopressor agents 
may be needed to treat hypotension during and after 
halothane anesthesia. 
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Calctum entry blocking drugs may have a role in the treat- 
ment of maternal and fetal tachyarrhythmias, as well as for 
treatment of premature labor. This study was undertaken 
to assess the hemodynamic effects of verapamil in the awake 
pregnant ewe. Verapamil, 0.2 mg/kg administered intra- 
venously over 3 min, resulted in the following maternal 
cardiovascular changes: transient (2 min) but significant 
decreases in systolic, diastolic, and mean blood pressures, 
and significant but equally transient increases in central 


Calcium channel blocking drugs have been recently 
introduced for treatment of supraventricular tachyar- 
rhythmias and Prinzmetal’s angina (1). They also have 
a role in the management of angina pectoris and sys- 
temic hypertension, and for control of the ventricular 
rate in atrial fibrillation and flutter (1,2). Although not 
as yet approved for such uses, these agents may also 
prove effective as a means of producing induced hy- 
potensive anesthesia, for treatment of both cerebral 
artery vasospasm and pulmonary artery hyperten- 
sion, for myocardial protection during global ischemia 
(1), and for management of postresuscitation brain 
injury (3). Calcium channel blockers act by inhibiting 
the inward flux of calcium through the slow ionic 
channel of excitable cell membranes during the action 
potential (1). This action interferes with the excita- 
tion—contraction coupling in vascular smooth muscle 
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venous pressure and mean pulmonary arterial pressure. 
Pulmonary capillary wedge pressure increased for 5 min. 
These results are consistent with the negative inotropic and 
peripheral vasodilating effects of verapamil. Cardiac output, 
systemic vascular resistance, and pulmonary vascular re- 
sistance were unaffected. Uterine blood flow decreased 25% 
at 2 min and remained significantly (7-18%) below control 
levels for 30 min after drug injection. The effects of vera- 
pamil on uterine blood flow suggest that it should be used . 
with caution in cases where uteroplacental perfusion is 
compromised, 


Key Words: ANESTHESIA—obstetric. 
pharmacology—verapamil. 


HEART, 


producing coronary and peripheral vasodilation. In 
cardiac muscle, this action results in a negative ino- 
tropic effect. These agents also produce prolongation 
of conduction time in the sinoatrial and atrioventric- 
ular nodes. 

In obstetrics, one of the calcium channel blockers 
(verapamil) has been used to treat supraventricular 
tachycardia in the fetus to prevent heart failure and 
hydrops fetalis (4). Calcium blockers have also been 
used as tocolytic agents (5). Because these agents 
produce peripheral vasodilation and reduce mean ar- 
terial pressure (6-12), one might anticipate a decrease 
in uterine perfusion pressure and a reduction in uter- 
ine blood flow. This effect could be detrimental to the 
fetus, especially if uteroplacental perfusion is already 
compromised. The objective of our investigation was 
to evaluate the effects of verapamil on maternal hemo- 
dynamics in the chronically instrumented awake 
pregnant ewe. Of specific interest was a determina- 
tion of the effects of this drug on uterine blood flow. 


Methods 


Eight ewes with singleton pregnancies of 120-130 days 
gestation (cared for according to the research council’s 
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Figure 1. Maternal systolic, mean, and diastolic blood pressures 
before (C) and at various times after intravenous injection of 
verapamil. 


guide for the care and use of laboratory animals) were 
instrumented under local anesthesia and diazepam 
sedation as follows: a femoral arterial catheter for blood 
pressure monitoring; a femoral venous catheter for 
intravenous fluid and drug administration; and an 
internal jugular venous cannula for insertion of a pul- 
monary arterial thermodilution catheter (Model 93A- 
131-7F) on the day of the experiment. An electro- 
magnetic flow probe (Dienco) was placed around the 
middle uterine artery, and flow was recorded with a 
Dienco RF 2100 flowmeter. Animals were allowed to 
recover for 5 days. 

On the day of the experiment, the ewe was allowed 
to stand quietly in her cage for one hour while Ring- 
er's lactate solution was infused at the rate of 3 ml/min. 
The following were then measured and recorded on 
an 8-channel Beckman recorder: heart rate (HR), blood 
pressure, pulmonary arterial pressure (PAP), central 
venous pressure (CVP), pulmonary capillary wedge 
pressure (PCWP), and _uterine arterial blood flow (UBF). 
Systemic (SVR) and pulmonary vascular resistances 
(PVR) were calculated. Cardiac output (CO) was mea- 
sured by thermodilution using an American Edwards 
cardiac output computer (Model 9510). After baseline 
measurements were recorded, the animal received 
verapamil (Isoptin), 0.2 mg/kg, infused over a period 
of 3 min. Hemodynamic responses were then re- 
corded for 1 hr. A total of 12 experiments were done. 
If an animal was used more than once, there was a 
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Figure 2. Maternal heart rate before (C) and at various times after 
intravenous injection of verapamil. 


3-day interval between one experiment and the next. 
No animal was used for more than two experiments. 
Statistical analysis was performed by analysis of var- 
iance for repeated measures and Bonferoni t-test, with 
a value of P < 0.05 being considered as statistically 
significant. | 


Results 


Intravenous injection of verapamil caused a signifi- 
cant (14%) decrease in maternal diastolic blood pres- 
sure (DBP) at 2 min (Fig. 1). At 5 min DBP was not 
significantly different from control. Systolic blood 
pressure (SBP) was 7% below control at 2 min and 
returned to control levels thereafter. This decrease, 
although small, was statistically significant. Mean ar- 
terial blood pressure (MAP) decreased significantly 
(11%) at 2 min but was not significantly different from 
control after that time. Maternal HR increased sig- 
nificantly from 109 to 129 beats/min 2 min after drug 
injection. Thereafter it was not significantly different 
from control (Fig. 2). 

Mean pulmonary artery pressure (MPAP) was el- 
evated sighificantly at 2 min after verapamil injection. 
PCWP was elevated significantly for the first 5 min. 
Thereafter both MPAP and PCWP returned to control 
levels (Fig. 3). CVP increased significantly from 3.4 
to 6.4 mm Hg (88%) at 2 min, but was not significantly 
different from control thereafter (Fig. 3). There were 
no significant changes in CO (Fig. 5), SVR (Fig. 5), or 
PVR (Fig. 5) throughout the experimental period. 

Uterine arterial blood flow (UBF) decreased 25% 
below control levels at 2 min and was 18% below 
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Figure 3. Mean pulmonary arterial (®), pulmonary capillary wedge 
(O), and central venous (A) pressures before (C) and at various 
times after intravenous injection of verapamil. 


control at 5 min (Fig. 4). It remained approximately 
10% below control for the remainder of the experi- 
mental period. The decreases in UBF were signifi- 
cantly below control levels for 30 min after the admin- 
istration of verapamil. 


Discussion 


Verapamil, in a dose comparable to that used to treat 
supraventricular tachyarrhythmias in humans (0.2 
mg/kg), produced hemodynamic changes in the awake 
pregnant ewe that are consistent with its effect on the 
myocardium and vascular smooth muscle. Intrave- 
nous injection of verapamil resulted in direct myo- 
cardial depression as evidenced by elevation of CVP, 
MPAP, and PCWP. This effect, however was short- 
lived, lasting 5 min or less. These results are consist- 
ent with observations of others that demonstrate the 
negative inotropic effects of this drug (6-9), i.e., de- 
creased dP/dt,,.,,. Cardiac output, however, did not 
decrease significantly from control at any time during 
the experiment. Others have also shown that CO is 
unchanged, or even elevated when verapamil is ad- 
ministered intravenously to conscious (7,8) or anes- 
thetized (10,11) dogs, anesthetized swine (9), and 
awake humans (12). The maintenance or elevation of 
CO is attributed to the increased HR that results from 
elevated plasma levels of catecholamines (13), and 
most likely accounts for the lack of significant change 
in CO in our experiments. The sympathetic nervous 
system response to verapamil that causes this effect 
results from decreased peripheral resistance and is 
mediated via the baroreceptor reflexes. 

Intravenous injection of verapamil in the awake 
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Figure 4. Uterine arterial blood flow (ml/min) before (C) and at 
various times after intravenous injection of verapamil. 
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Figure 5. Systemic vascular resistance (SVR), cardiac output (CO), 
and pulmonary vascular resistance (PVR) before (C) and after in- 
travenous injection of verapamil. 


pregnant ewe produced transient peripheral vasodi- 
lation as evidenced by the decreases in SBP, DBP, and 
MAP (for 2 min). These results are comparable in both 
magnitude and duration to those observed by others 
in conscious dogs (6-8), awake humans (12), swine 
anesthetized with nitrous oxide (9), dogs anesthetized 
with nitrous oxide and pentobarbital (10), and dogs 
anesthetized with pentobarbitol alone (11). The tran- . 
sient nature of the hypotensive response can be at- 
tributed to rapid decreases in plasma levels of vera- 
pamil after its intravenous injection. In swine 
anesthetized with halothane, however, MAP is de- 
creased significantly for a longer period of time (9). 
This effect is likely due to the additive hemodynamic 
effects of halothane and verapamil, and may include 
halothane suppression of the baroreceptor reflex (9). 

Use of calcium blockers in the pregnant patient for 
treatment of fetal tachyarrhythmias (4) and for tocol- 
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ysis (5) raises questions as to the safety of these agents 
with respect to fetal well-being. Some studies suggest 
that drugs that produce peripheral vasodilation (such 
as verapamil) might reduce UBF by decreasing MAP 
and uterine perfusion pressure (UPP), an effect that 
is not unexpected because UBF is not maintained by 
autoregulation (14). Nitroglycerin (NTG), for exam- 
ple, substantially reduces UBF in the anesthetized 
pregnant ewe (15), while both NTG and sodium ni- 
troprusside (16) produce small (but not statistically 
significant) reductions in UBF in the awake pregnant 
ewe model. In our experiments, UBF decreased 25% 
at 2 min, 18% at 5 min, and remained significantly 
(10%) below control levels for the next 25 min. This 
decrease in UBF most likely resulted from decreases 
in MAP and UPP, although uterine vasoconstriction 
by catecholamines released by verapamil (13) may have 
also contributed to this effect. Although the degree 
of reduction in UBF observed should not compromise 
the normal fetus, it may not be tolerated by a fetus 
that is already compromised by impaired uteropla- 
cental perfusion or placental insufficiency. Care, how- 
ever, should be taken in extrapolating these results 
to what might be observed in humans. 


Our special thanks to Elsie Cantley for her technical assistance. 


Donations by Virginia Hsiao, MD, contributed significantly to this 
work. ` 


References 


1. Reves JG, Kissin I, Lell WA, Tosone S. Calcium entry blockers: 
uses and implications for anesthesiologists. Anesthesiology 
1982;57:504--18. 

2. Singh BN, Elirodt G, Peter CT. Verapamil: a review of its phar- 
macological properties and therapeutic use. Drugs 1978; 
15:169-97. 


3. White BC, Winegar CD, Wilson RF, Hoehner PG, Trombley 
JH. Possible role of calcium blockers in cerebral resuscitation: 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


MURAD ET AL. 


a review of the literature and synthesis for future studies. Crit 
Care Med 1983;11:202-7. 


. Wolff F, Breuker KH, Schlensker KH, Bolte A. Prenatal diag- 


nosis and therapy of fetal heart rate ancmalies: with a contri- 
bution on the placental transfer of verapamil. J Perinat Med 
1980;8:203-—7. 


. Ulmsten U, Andersson KE, Wingerup L. Treatment of pre- 


mature labor with the calcium antagonist nifedipine. Arch Gy- 
naecol 1980;229:1-5. 


. Nakaya H, Schwarz A, Millard RW. Reflex chronotropic effects 


of calcium-channel-blocking agents in conscious dogs. Circ Res 
1983;52:302-11. 


. Newman RK, Bishop V5, Peterson DF, Leroux EJ, Horowitz 


LD. Effect of verapamil on left ventricular performance in con- 
scious dogs. J Pharmacol Exp Ther 1977:201:723-30. 


. Walsh RA, Badke FR, O'Rourke RA. Differential effects of sys- 


temic and intracoronary calcium channel blocking agents on 
global and regional left ventricular functon in conscious dogs. 
Am Heart ] 1981;102:341—50. 


. Norfleet EA, Heath KR, Kopp VJ, Sprague DH, Corke BC. 


Verapamil-different cardiovascular responses during N2O an- 
algesia and halothane anesthesia. Anesthesiology 1982;57:A75. 


Neugebauer G. Comparative cardiovascular actions of vera- 
pamil and its major metabolites in the anesthetized dog. Car- 
diovasc Res 1978;12:247-54. 


Angus JA, Richmond DR, Dhumma-Upakorn P, Cabbin LB, 
Goodman AH. Cardiovascular action of verapamil in the dog 
with particular reference to myocardial contractility and atrio- 
ventricular conduction. Cardiovasc Res 1976;10:623~—32. 


Vincenzi M, Allegri P, Gabaldo S, Maiolino P, Ometto R. 
Hemodynamic effects caused by i.v. administration of vera- 
pamil in healthy subjects. Arzneim Forsch 1976;26:1221-3. 


Kapur PA, Flacke WE, Olewine SK. Comparison of effects of 
isoflurane versus enflurane on cardiovascular and catechol- 
amine responses to verapamil in dogs. Anesth Analg 
1982;61:193—4. 


Assali NS, Brinkman CR 1. The uterine circulation and its 
control. In: Longo LD, Bartels H, eds. Respiratory gas exchange 
and blood flow in the placenta. Proceedings of a symposium 
in conjunction with the XXV International Congress of Phys- 
iological Sciences, 1971:121-41. 

deRosayro M, Nahrwold ML, Hill AB, Tait AR, Taylor MD, 
Kirsh MM. Nitroglycerin: plasma levels and effects in pregnant 
ewes. Anesthesiology 1979;51:S312. 

Wheeler AS, James FM 1, Meis PJ, Rose JC, Fishburne JI, 
Dewan DM, Urban RB, Greiss FC Jr. Effects of nitroglycerin 


and nitroprusside on the uterine vasculature of gravid ewes. 
Anesthesiology 1980;52:390-4. 


ANESTH ANALG 11 
1985;64:11-7 i 





Assessment of Age-related Acid Aspiration Risk Factors in 
Pediatric, Adult, and Geriatric Patients 


| 
t 


Laxmaiah Manchikanti, MD, Jerry A. Colliver, PhD, Teresa C. Marrero, CRNA, and’ 


James R. Roush, MD 


MANCHIKANTI L, COLLIVER JA, MARRERO TC, 
ROUSH JR. Assessment of age-related acid aspiration risk 
factors in pediatric, adult, and geriatric patients. Anesth 
Analg 1985;64:11-7. 


One hundred inpatients scheduled for elective surgery were 
studied to determine ihe age-relaied risk of pulmonary as- 
piration as indicated by gastric acidity and volume. Twenty- 
five patients from 6 months to 12 years old were included 
in the pediatric age group, 50 patients fro'n 18 to 64 years 
old were included in the adult age group, and 25 patients 
older than 65 years old were included in the geriatric group. 
Mean gastric pH was 1.99, 2.40, and 3.32 in the pediatric, 
adult, and geriatric age groups, respectiveiy; the differences 
between the three groups were statistically significant. The 
proportions of patients with pH = 2.50 were also signifi- 
cantly different among three groups: 92%. 76%, and 60% 


Vomiting or regurgitation of stomach contents with 
subsequent aspiration is a major cause of anesthesia- 
related morbidity and mortality. Danger of acid pneu- 
. monitis has been well recognized as a particular haz- 
ard in both surgical and obstetric patients requiring 
emergency surgery (1—4). However, numerous in- 
vestigators during the last decade also have demon- 
strated that 60-100% of children, outpatients, obese 
patients, and nonobese inpatients undergoing elec- 
tive surgery, have highly acidic gastric contents before 
induction of anesthesia despite overnight fasting (4~9). 

A gastric pH below 2.5 and gastric volume of 0.4 
ml/kg are considered as critical factors for the devel- 
opment of pulmonary injury (2,3). Studies of children 
and separately conducted studies of adults have shown 
differences in frequency of low gastric pH and high 
gastric volume with potentially greater risk of acid 
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in the pediatric, adult, and geriatric age groups, respec- 
tively. Mean gastric volumes were 0.49, 0.37, and 0.24 
ml/kg and proportions of patients with volumes = 0.40 
ml/kg were 60, 32, and 12% in pediatric, adult, and ger- 
iatric patients, respectively. Gastric contents with both pH 
= 2.5 and volume = 0.4 ml/kg were seen in 60, 28, and 
12% in the three respective groups. Risk of acid aspiration 
pneumonitis theoretically is present in all age groups, with 
children being at greatest risk and geriatric patients with 
least risk. We have also noted a correlation between age and 
gastric contents because gastric acidity and volume both 
decreased as age increased. Increasing length of fasting pe- 
riod increased gastric acidity without significant effect on 
volume. 


Key Words: GASTROINTESTINAL TRACT—stom- 
ach, pH and volume. AGE-—gastric pH and volume. 


aspiration pneumonitis in pediatric patients (5,8). In 
addition, various factors combine to make infants and 
children more susceptibie to regurgitation and aspi- 
ration than adults (10). Risk of acid pneumonitis may 
be increased in geriatric patients, secondary to in- 
creased frequency of hiatal hernias (11), increased in- 
cidence of gastroesophageal reflux (12), and a de- 
crease in gastric motility (13). We are not aware of 
any clinical studies evaluating acid aspiration risk fac- 
tors in relation to age. Hence, we have undertaken 
this prospective evaluation to investigate and com- 
pare the incidence of acid aspiration risk in three groups 
of patients, namely pediatric, adult, and geriatric 
patients. 


Methods 


This study was carried out with 100 inpatients sched- 
uled for elective surgery under general anesthesia. 
The protocol was approved by the Institutional Re- 
view Committee. Informed consent was obtained from 
patients or parents. Only patients without gastroin- 
testinal disorders and nonobese patients were in- 
cluded in the study. Obesity was defined as body 
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Table 1. Patient Characteristics 
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Pediatric Adult Geriatric Directions and 
age group age group age group significance of 
(£ 12 yr) (= 18-< 65 yr) (> 65 yr) difference 
Number 25 50 25 
Age (yr) Mean + SEM 6.2 + 0.7 38.8 + 2.0 739 Æ+ 1.2 P<A<G 
Range 0.81-12 18-64 68-88 
Height (cm) Mean + SEM — 171.7 + 1.4 169.8 + 1.9 A =G 
Range — 154.9-193.0 152.4-188.0 
Weight (kg) Mean + SEM 24.6 + 2.8 68.5 + 2.3 68.3 + 2.5 P<A=G 
Range 6.8-58.1 45.5-110.0 40.8-86.0 
Fasting period (min) Mean + SEM 588 + 20 639 + 19 644 + 30 P=As5= 
Range 480-780 480-960 480-930 
Abbreviations: P, pediatric; A, adult; G, geriatric; > and <, significant difference; =, no significant difference. 


weight 20% above the ideal weight (14). All patients 
fasted for a minimum of 8 hr before induction of anes- 
thesia and received either intramuscular premedica- 
tion with meperidine and hydroxyzine, or meperidine 
and droperidol, or no premedication. None of the 
patients received anticholinergics, antacids, H2-recep- 
tor antagonists, or gastrokinetic agents. Twenty-five 
patients from 6 months to 12 years old were included 
in the pediatric group, 50 patients from 18 to 64 years 
old were included in the adult age group, and 25 
patients older then 65 years old comprised the ger- 
iatric group. 

After induction of anesthesia and stabilization of 
the condition of the patient, an appropriate size (#14 
or #18) Salem Sump tube was passed into the stomach 
and gastric contents were evacuated into a mucus trap 
by suction. The position of the gastric tube was ver- 
ified by auscultation of epigastrium with insufflation 
of air through the tube. The amount of gastric juice 
was measured by graduations on the mucus trap and 
the pH was determined by a Corning pH meter with 
an Ag/AgCl probe combination electrode. 

Patients with gastric pH = 2.5 and/or volume 2 
0.4 ml/kg were defined as at risk of pulmonary dam- 
age in the event of aspiration. Incidences of gastric 
pH = 1.8 and > 5.0 and gastric volumes 0.1 ml/kg, 
0.2 ml/kg, 0.3 ml/kg, and 0.75 ml/kg were also studied. 
Risk factors were analyzed independently and in com- 
bination. In addition, each patient’s pH reading was 
transformed to an H* concentration and analyses were 
performed on the H* values. 

Statistical analyses were performed by analyses of 
variance (ANOVA) and y*-square tests. One way AN- 
OVAs with Duncan’s multiple range follow-up tests 
were used to compare statistically the three age groups 
in terms of mean pH and mean volume. The pro- 
portions of patients defined as being “at risk” in the 
three groups were compared with y*-tests of inde- 
pendence. Polynomial regressions were used to de- 


termine the nature and extent of the relationships of 
gastric pH and volume with age and length of fasting 
period. Results were considered statistically signifi- 
cant when P values were less than 0.05. 


Results 


Demographic data of the three age groups are pre- 
sented in Table 1. Patients in all three age groups were 
comparable with respect to sex distribution and length 
of fasting period. The three groups differed signifi- 
cantly in terms of mean age. Mean weight was sig- 
nificantly less in pediatric patients, but was not sig- 
nificantly different in the adult and geriatric patients. 


Gastric pH 


The mean pH in the geriatric group was significantly 
greater than those in the pediatric and adult groups 
(P < 0.05) (Table 2). However, mean pH levels in the 
pediatric and adult groups did not differ significantly. 
A polynomial regression of gastric pH on age per- 
formed on the pooled data for the three groups re- 
vealed a significant linear trend, P = 0.0115, showing 
that as age increased, pH increased (Fig. 1). 

The groups also differed significantly in terms of 
the proportion of patients with pH = 2.50 (P = 0.0299). 
Specifically, the proportion of pediatric patients with 
pH = 2.50 was significantly greater than that of ger- 
iatric patients (P < 0.05). However, the proportion of 
adults with pH = 2.50 did not differ significantly from 
the proportions in the pediatric and geriatric groups. 
Similar significant and nonsignificant results were ob- 
tained for the proportion of patients with gastric pH 
> 5.0. The proportions of patients with pH = 1.80 
did not differ significantly among the three groups. 

Analysis of hydrogen ion concentration revealed 
significant differences among the three groups (P = 
0.0367). Mean H* in the adult group was significantly 
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Table 2. Gastric pH Levels 


Pediatric 
age group 
pH Mean + 5EM 1.99 + 0.07 
Range 1.43-3.05 
H* Concentration Mean + SEM 1.30 + 0.17 
H xir Mean pH of H* 1.89 
Patients with pH = 1.8 7 (28%) 
Patients with pH =£ 2.5 23 (92%) 
Patients with pH > 5.0 0 (0%) 


“H* Concentration g mEq/L. Abbreviations as in Table 1. 


Figure 1. Relationship of gastric pH to age. 
A. polynomial regression of gastric pH on 
age, showing increasing pH with increas- 
ing age. 


GASTRIC pH 
db» 


greater than that in the geriatric group (P < 0.05). But 
the pediatric group did not differ significantly from 
the other two groups. These mean H+ concentration 
results are not consistent with the mean pH results. 
This discrepancy is explained because such anomalies 
can occur with nonlinear transformations like nega- 
tive logarithm. 


Gastric Volume 


The ratio between gastric volume and body weight in 
ml/kg was determined for each patient (Table 3). The 
three groups differed significantly with respect to mean 
gastric volume to body weight ratio (P = 0.0046). 
Although mean volume decreased from pediatric 
through adult to geriatric patients, the decrease was 
statistically significant only between pediatric and 
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Directions and 


Adult age Geriatric significance of 
group age group differences 
2.40 + 0.22 3.32 + 0.42 P=A<G 
1.25--7.27 1.49-7.44 
1.81 + 0.21 1.04 + 0.22 P = A; P = G; 
1.74 1.98 A >G 
25 (50%) 9 (36%) P=A=G 
38 (76%) 15 (60%) P=A;A=G;P>G 
5 (10%) 6 (24%) P=A;A=GP>G 
# # j 
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geriatric patients (P < 0.05). Adult patients did not 
differ significantly from either pediatric or geriatric 
group patients. A polynomial regression performed 
on the pooled data for the three groups ‘combined 
revealed significant linear trend, P = 0.0001, showing 
that as age increased, the ratio between gastric vol- 
ume and body weight decreased (Fig. 2). | 

The three groups differed significantly in terms of 
the proportions of patients with gastric volumes 2 
0.4 ml/kg (P = 0.0001). The proportion of patients 
with volumes = 0.4 ml/kg decreased significantly from 
the pediatric group to adults and from adults to the 
geriatric group (P < 0.05). This proportion of patients 
with volume = 0.4 ml/kg in the geriatric. group was 
significantly less than in the pediatric group (P < 
0.05). Similar results were obtained for the proportion 
of patients with gastric volumes = 0.2 ml/kg and 0.3 
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Table 3. Gastric Volumes 
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AGE 


ml/kg. The proportions of patients with volumes = 
0.75 ml/kg did not differ significantly in the three 


groups. 


Combined Risk of pH and Volume 


The proportion of patients with both gastric pH £ 2.5 
and gastric volume = 0.3 ml or = 0.4 ml/kg differed 
significantly among the three groups (P = 0.0001) 
(Table 4). The proportions decreased from the pedia- 
tric group to the adult group and from the adult group 
to the geriatric group. These proportions decreased 
significantly for the adult and geriatric groups for gas- 
tric pH £ 2.5 and gastric volume = 0.3 ml (P < 0.05); 
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Directions and 


Pediatric Adult age Geriatric significance of ` 
age group group age group difference 
Mean + SEM (ml/kg) 0.49 + 0.04 0.37 + 0.04 0.24 + 0.05 P=A;A=G;P>G 
Range 0.21-1.15 0.05-1.33 0.04-1.12 
Patients with volume 
= 0.1 ml/kg 25 (100%) 45 (90%) 20 (80%) P=A;A=G;P>G 
Patients with volume l 
= 0.2 ml/kg 25 (100%) 33 (66%) 11 (44%) P>A>G 
Patients with volume 
= 0.3 ml/kg 21 (84%) 24 (48%) 5 (20%) P>A>G 
Patients with volume 
= 0.4 ml/kg 15 (60%) 16 (32%) 3 (12%) P>A>G 
Patients with volume 
= 0.75 ml/kg 2 (8%) 6 (12%) 1 (4%) P=A=G 
Abbreviations as in Table 1. 
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while for proportions with combination of pH =£ 2.5 
and volume = 0.4 ml, proportions decreased signif- 
icantly from pediatric to adult group only (P < 0.05), 
the adult group was not significantly different from 
the geriatric group. The proportion of patients in the 
geriatric group was significantly less than that in the 
pediatric group (P < 0.05). 


Relationship of Gastric Contents to Fasting Period 


There was a significant linear relationship between 
gastric pH and length of fasting period for the three 
groups combined (P = 0.0207), indicating that as length 
of fasting period increased, pH decreased (Fig. 3). 
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Table 4. Frequency of Patients with Potential Risk Factors 


Pediatric 
age group 
Patients with pH £ 2.50 23 (92%) 
Patients with volume 
2 0.3 mi/kg 21 (84%) 
Combination of pH = 2.5 and volume 
= 0.3 mkg 20 (80%) 
Patients with volume 
= 0.4 ml/kg 15 (60%) 
Combination of pH = 2.5 and volume 
= 0.4 mi/kg 15 (60%) 


Abbreviations as in Table 1. 


There was no significant correlation between gastric 
volume and length of fasting period in any of the three 
groups of patients (Fig. 4). 


Discussion 


Retrospective studies have shown that 26% of doc- 
umented cases of pulmonary aspiration of gastric con- 
tents can be accounted for by general anesthesia and 
that mortality after aspiration of gastric contents can 
be as high as 60% (15,16). Even though pulmonary 
aspiration has been considered a potential risk if pa- 
tients have 0.3-0.4 ml/kg of gastric contents at a pH 
below 2.5, aspiration pneumonitis has been reported 
after inhalation of gastric fluid with pH > 2.5 (17,18). 
Risk of serious pulmonary reaction increases pro- 
gressively as the pH of aspirate decreases to < 2.5 
(19). 
In the present study, we have demonstrated that 
a potential risk of aspiration of acid gastric contents 
exists at all ages in inpatients undergoing elective sur- 
gery despite overnight fasting. A gastric pH 5 2.5 
was seen in 76% of the patients in the three groups 
combined; the incidence was 92, 76, and 60% in the 
pediatric, adult, and geriatric age groups, respec- 
tively. Gastric volume = 0.4'ml/kg were found in 35% 
of the patients in all three groups combined, while 
the incidence was 60, 32, and 12% in the pediatric, 
adult, and geriatric patients respectively. The pro- 
portions of patients with both pH 3S 2.5 and volume 
= 0.4 ml/kg were 60% for pediatric patients, 28% for 
adult patients, and 12% for geriatric patients. It was 
also demonstrated that the risk of acid aspiration de- 
creased from the pediatric to the adult to the geriatric 
patients by the criteria of pH and volume. In addition, 
this investigation demonstrated linear relationships 
between age and gastric pH and between age and 
gastric volume, indicating that increasing age was re- 
lated to an increase in pH and a decrease in gastric 
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Directions and 


Adult age Geriatric significance of 
group age group difference 

38 (76%) 15 (60%) P=A;A=G;P>G 

24 (48%) 5 (20%) P>A>G 

22 (44%) 5 (20%) P>A>G 

16 (32%) 3 (12%) P>A>G 

14 (28%) 3 (12%) P>A=G 


volume. Gastric acidity was found to increase with 
increased duration of fasting, but volume did not in- 
crease with increased duration of fasting. 

The inability to determine precisely the location of 
the gastric tube used for sampling gastric contents is 
a limitation in this as in other comparable studies. 
There is the possibility of underestimation of volume 
of gastric contents, even though a standardized ap- 
proach to aspirating gastric contents tends to mini- 
mize the importance of constant errors, as consis- 
tently higher gastric volumes were seen utilizing dye 
dilution techniques. Hence, we have analyzed risk 
factors independently and also analyzed gastric vol- 
ume at these levels (0.1, 0.2, 0.3, 0.4, and 0.75 ml/kg). 

Hester and Heath (4) demonstrated that there was 
no significant correlation between gastric pH or vol- 
ume on the one hand and duration of fasting period 
(8-16 hr) on the other hand. However, Roberts and 
Shirley (3) showed, in patients having elective cesar- 
ean sections, that prolonged fasting (over 20 hr) was 
associated with greater mean gastric volumes than 
observed with shorter periods (12-16 hr) of fasting. 
In the present study, in contrast to both these reports, 
we found a correlation between duration of fasting 
and acidity of gastric contents, but we failed to dem- 
onstrate any correlation between volume and length 
of fasting period. 

The results of this study and various other inves- 
tigations show that a great number of patients, es- 
pecially children and adults, are potentially at risk of 
pulmonary aspiration. Geriatric patients may-seem to 
be at increased risk of regurgitation of gastric contents 
as frequency of hiatal hernia, gastroesophageal reflux 
and decrease in gastric motility increase with age 
(10-13). However, a decrease in gastric secretion by 
50% by the age of 70 with no diminution in the lower 
esophageal sphincter tone (10-13) reduces the poten- 
tial risk of pulmonary damage in riormal patients. But 
older population may have altered lower esophageal 
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sphincter tone and esophageal motility secondary to 
disorders such as diabetes mellitus, peripheral neu- 
ropathy, Parkinsonism, multiple sclerosis, and the 
anticholinergic effects of drugs used for the treatment 
of other conditions. Patients with gastrointestinal dis- 
orders, obese individuals, term parturients, and pa- 
tients presenting for emergency surgery face an in- 
creased risk of aspiration pneumonitis. Hence, it seems 
reasonable to conclude that, theoretically, most pa- 
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Figure 3. Relationship of duration of fast- 
ing period to gastric pH, indicating de- 
crease in gastric pH as length of fasting 
period increased. 


Figure 4. Relationship of length of fasting 
period to gastric volume, indicating no 
significant correlation between gastric vol- 
ume (mi/kg) and length of fasting period. 


tients undergoing surgery under general anesthesia 
should receive prophylactic therapy to reduce gastric 
volumes and acidity or increase lower esophageal 
sphincter tone, or both. The efficacy of various drugs 
to modify acid aspiration risk factors is highly vari- 
able. Presently, however, cimetidine, ranitidine, met- 
oclopramide, and sodium citrate appear most reliable 
(6,8,9,20-22). Patients undergoing emergency, as well 
as elective, surgery may benefit by the preanesthetic 
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administration of an H,-receptor antagonist, a gastro- 
kinetic agent, an antacid, or a combination of an Hz- 
receptor antagonist and. metoclopramide or sodium 
citrate. 
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Enflurane and Adenosine 3',5’-Cyclic Monophosphate Metabolism 


in Pancreatic Islets 


Robin B. L. Ewart, MD, PhD, Ben F. Rusy, MD, and Mark W. Bradford, Mp 


EWART RBL, RUSY BF, BRADFORD MW. Enflurane and 
adenosine 3’,5'-cyclic monophosphate metabolism in 
pancreatic islets. Anesth Analg 1985;64:18~22. 


The effects of enflurane at a concentration of 4% by volume 
in the gas phase upon rates of insulin secretion were cor- 
related with islet contents of adenosine 3',5'-cyclic mono- 
phosphate (cyclic AMP). At this concentration, enflurane 
was without effect upon the basal rate of insulin release in 
the presence of 2 mM glucose. By contrast, the anesthetic 
led to 84 and 86% inhibitions, respectively, of rates of in- 
sulin secretion stimulated by 20 mM glucose and 20 mM 
glucose plus 1 mM theophylline. Enflurane also led to small 
reductions in islet cyclic AMP content under all conditions 
of incubation, and a statistically significant (P < 0.02) effect 
of the anesthetic in lowering cyclic AMP content was seen 


We have previously demonstrated that enflurane, in 
the range of concentrations employed clinically, leads 
to a significant concentration-dependent inhibition of 
glucose-stimulated insulin secretion by isolated rat 
pancreatic islets of Langerhans without associated in- 
hibition of islet glucose metabolism or protein bio- 
synthesis (1). Adenosine 3’,5’-cyclic monophosphate 
(cyclic AMP) is known to fulfill a permissive role in 
the regulation of rates of glucose-stimulated insulin 
secretion and to augment the effects of submaximally 
stimulating concentrations of other insulin secret- 
agogues (2). Because volatile anesthetics have been 
shown to affect cyclic AMP metabolism in a variety 
of tissues (3-6), it seemed possible that the observed 
inhibition of islet insulin secretion by enflurane might 
be explained by reduction in islet cyclic AMP concen- 
tration. The present studies were undertaken to ex- 
amine the effects of enflurane upon islet cyclic AMP 
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in islets exposed to 20 mM glucose plus 1 mM theophylline. 
Enflurane was withou? effect upon the activity of the low 
K„ cyclic AMP phosphodiesterase of the islet under the 
conditions employed. Ey contrast, the anesthetic led to sig- 
nificant inhibitions of both basal and fluoride-stimulated 
islet adenylate cyclase activity (34%, P < 0.01 and 23%, 
P < 0.005, respectively). It is concluded that under the 
conditions employed, enflurane leads to inhibition of islet 
adenylate cyclase activity and to small resultant reductions 
in islet cyclic AMP content. These effects appear to be of 
insufficient magnitude to explain completely the observed 
degree of insulin secretory inhibition by the anesthetic. 


Key Words: HORMONES—insulin. ANESTHETICS, 
VOLATILE—enflurane. 


concentrations and upon the activities of islet aden- 
ylate cyclase and cyclic AMP phosphodiesterase. 


Methods 
Materials 


Bovine plasma albumin (fraction V), theophylline, ATP, 
cyclic AMP, EDTA, Trizma base, creatine. phosphate, 
creatine phosphokinase (Type I, 50-150 units/mg), 5'- 
nucleotidase, QAE-Sephadex, and sodium fluoride 
were obtained from Sigma Chemical Company (St. 
Louis, MO). New England Nuclear Corporation (Bos- 
ton, MA) supplied [a-**P] ATP of specific radioactivity 
in the range of 300 Ci/mM. Cyclic AMP assay kits and 
[8-H] cyclic AMP were purchased from Amersham 
(Arlington Heights, IL). Neutral alumina (activity I) 
was from Brinkmann Instruments (Canada). Enflur- 
ane and an enflurane vaporizer were obtained from 
Ohio Medical Products (Madison, WI). Other chem- 
icals were of the highest purity available from com- 
mercial sources. 


Preparation of Islets 


Islets of Langerhans were isolated by the collagenase- 
digestion technique of Lacy and Kostianovsky (7) from 


ENFLURANE AND ISLET CYCLIC AMP METABOLISM 


pancreases obtained from 200- to 250-g male 
Sprague-Dawley rats ted ad libitum. 


Insulin Release and Determination of Islet Cyclic 
AMP Content 


Groups of 20 islets were incubated in 50 yl-volumes 
of a bicarbonate buffered salt solution (8) containing 
1 mg/ml of bovine plasma albumin and 2 mM Ca?** 
together with 2 mM glucose, 20 mM glucose, or 20 
mM glucose with 1 mM theophylline. Control incu- 
bations were equilibrated with O2:CO, (95:5, vol/vol) 
and experimental incubations with the same gas mix- 
ture containing 4% (vol/vol) enflurane as described 
previously (1). At the conclusion of the 30-min period 
of incubation, samples of 4 ul of the media were taken 
and diluted to 400 ul for assay of their insulin contents 
by a double-antibody radioimmunoassay based on the 
method of Hales and Randle (9). For determination 
of islet cyclic AMP content, 54 ul-volumes of 50 mM 
Tris-HCI buffer (pH 7.5) containing 8 mM disodium 
EDTA were then added to each incubation vial, the 
vial contents were sonicated for 10 sec at setting 1.5 
of an Ultrasonic sonicator (Ultrasonics, Inc., Plain- 
view, NY), and the vials were transferred immedi- 
ately to a boiling water bath for 5 min to precipitate 
protein. Vials were gassed continuously with the ap- 
propriate gas mixture during the sampling and son- 
ication procedures to ensure that the concentration of 
enflurane in the liquid phase did not fall before heat 
inactivation of cyclic nucleotide metabolism had oc- 
curred. Precipitated protein was then separated by 
centrifugation at 1200 x g for 5 min and 90 pl aliquots 
of the supernatant were retained for cyclic AMP de- 
termination by the competitive protein binding assay 
of Brown et al. (10). 


Determination of Islet Cyclic 
AMP Phosphodiesterase 


The enzyme was prepared by homogenizing 200 islets 
in 1 ml of 50 mM Tris-HCl buffer (pH 7.5). Nuclei and 
cell debris were removed by centrifugation at 600 x 
g for 5 min and the supernatant was stored at — 20°C 
until use. Cyclic AMP phosphodiesterase activity was 
determined by a modification of the method of Sug- 
den et al. (11). The reaction mixture, of final volume 
100 ul, contained 50 mM Tris-HCl! (pH 7.5), 5 mM 
MgCh, 50 uM CaCl, and 1 uM cyclic PH] AMP (ap- 
proximately 10° disintegrations per min). The reaction 
was initiated by the addition of 25 yl of the enzyme 
and incubation was continued at 37°C for 10 min un- 
der an atmosphere of air or air containing enflurane 
(4%, vol/vol). Under the conditions employed, the 
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reaction was shown to proceed linearly with time for 
up to 20 min with less than 25% of substrate con- 
sumed. After the enzyme was inactivated by boiling 
for 5 min, the primary product of the reaction, 5’- 

AMP, was converted to adenosine by the addition of 
250 mU of snake venom 5’-nucleotidase followed by 
incubation at 37°C for 15 min. The secondary reaction 
product, adenosine, was separated from the unhy- 
drolyzed cyclic AMP by chromatography on 6 x 0.5 
cm columns of QAE-Sephadex (chloride form). The 
radioactivity of the eluted adenosine was quantitated 
by liquid scintillation counting at an efficiency of 28%, 
employing a Packard Tri-Carb liquid scintillation 
spectrometer. 


_ Determination of Islet Adenylate Cyclase | 


Islet adenylate cyclase was determined by measuring 
the rate of conversion of [a--?P] ATP to cyclic [°?P] 
AMP using the method of Pohl et al. (12). The enzyme ` 
was prepared by homogenizing 400 islets in 400 yl of 
50 mM Tris-HCl buffer (pH 7.5) using six passes of 
an all-glass homogenizer (Kontes Glass Co., Vine- 
land, NJ). The homogenate was maintained in an ice 
bath and aliquots of 25 ul were employed in the assay 
within 15 min of their preparation. The final assay 
mixture, of total volume 100 ul, contained 50 mM Tris- 
HCl buffer (pH 7.5), 5 mM MgCl, 1 mM EDTA, 10 
mM theophylline, 100 uM [a-*?P] ATP (approximately 
2 x 10° disintegrations per min) and an ATP-regen- 
erating system consisting of 25 mM creatine phos- 
phate and 1 mg/ml creatine phosphokinase. After 
adding the enzyme to start the reaction, it was al- 
lowed to proceed at 37°C for 10 min under an atmo- 
sphere of air or air containing enflurane (4%, vol/vol) 
when it was terminated by addition of 100 ul of a 
stopping mixture containing 50 mM Tris-HCl buffer 
(pH 7.5), 40 mM ATP, 12.5 mM cyclic AMP, 10 mg/ml 
of sodium lauryl sulphate, and 59 nCi of cyclic [H] 
AMP to act as a recovery marker in the subsequent 
separation procedure employing 4 x 1.6 cm columns 
of neutral alumina as described by Ramachandran 
(13). The eluted cyclic [>P] AMP was determined by 
liquid scintillation counting and correction was made 
for column losses as described by Pohl et al. (12). 

Under the conditions of the assay, adenylate cyclase 
activity proceeded as a linear function of time and 
enzyme concentration for at least 15 min. 


Determination of Enflurane Concentration 


In all experiments, an enflurane concentration of 4% 
by volume in the gas phase was employed. The con- 
centration of enflurane in the liquid phase in equilib- 
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Table 1. Effects of Enflurane on Islet Cyclic AMP Content and Rates of Insulin Secretion 


Rate of insulin release 
(2U-20 islets- ¢:30 min` t} 


Additions to medium No enflurane 


Islet cyclic AMP content 
(fmol/20 islets) 


Glucose (2 mM) 92 


+6 
Glucose (20 mM) 625 + 757 
Glucose (20 mM) plus 1175 + 812" 


theophylline (1 mM) 


Results are mean + SEM of at least six observations. 

“P < 9.001 when compared to 2 mM glucose, no enflurane. 
*P < 0.001 when compared to 20 mM glucose, no enflurane. 
‘P < 0.02 when compared to 2 mM glucose, no enflurane. 
#P < 0.02 when compared to 20 mM glucose, no enflurane. 


Enflurane Enflurane 
(4%, vol/vol) No enflurane (4%, vol/vol) 
87 + 3 120 + 8 102 + 18 
102 + 13° 188 + 23° 169 + 7 
167 + 30 276 + if" 226 + 7 


°P < 0.02 when compared to 20 mM glucose plus 1 mM theophylline, no enflurane. 


rium with enflurane (4%, vol/vol) in the gas phase 
was determined to be equivalent to 1.26 mM by a gas 
chromatographic technique described previously (1). 


Statistical Analysis of Results 


Results are expressed throughout in terms of the mean 
+ SEM. Levels of statistical significance between con- 
trol and experimental means were determined by cal- 
culation of t values. 


Results 


Effects of Enflurane on Islet Insulin Release and 
Cyclic AMP Content 


The effects of enflurane (4%, vol/vol) on the observed 
rate of insulin release and cyclic AMP concentration 
seen in the presence of a nonstimulating glucose con- 
centration (2 mM), a maximally stimulating glucose 
concentration (20 mM), and a maximally stimulating 
glucose concentration (20 mM) together with a known 
inhibitor of phosphodiesterase (1 mM theophylline), 
are shown in Table 1. The effect of increasing glucose 
concentration on the rate of insulin release is clearly 
shown with the rate in the presence of 20 mM glucose 
as being 679% of that observed in the presence of 2 
mM glucose (P < 0.001). The addition of 1 mM the- 
ophylline to the medium containing 20 mM glucose 
led to an 88% further increase in the rate of insulin 
release (P < 0.001). As shown in Table 1, enflurane 
had no effect on basal rates of insulin secretion in the 
presence of 2 mM glucose, but the anesthetic led to 
an 84% reduction in the rate of insulin release in the 
. presence of 20 mM glucose (P < 0.001). Addition of 
1 mM theophylline to the 20 mM glucose medium did 
not lead to a statistically significant increase in the 
rate of insulin release in the presence of 4% enflurane 
by volume (Table 1). Thus the extent of enflurane 


inhibition in the presence of simultaneous islet stim- 
ulation by 20 mM glucose and 1 mM theophylline was 
86%, essentially identical to that seen in the presence 
of 20 mM glucose alone. 

As shown in Table 1, islet cyclic AMP content in- 
creased significantly in the presence of 20 mM glucose 
when compared to the content determined in islets 
exposed to a nonstimulating glucose concentration of 
2mM (P < 0.02). Addition of 1 mM theophylline led 
to a further 47% increase in the islet content of cyclic 
AMP over that seen in the case of islets incubated 
with 20 mM glucose alone (P < 0.02). 

Enflurane led to reductions in islet cyclic AMP con- 
tent that achieved statistical significance in the case 
of islets exposed to 20 mM glucose together with 1 
mM theophylline (P < 0.02). In addition, in a series 
of 21 pairs of observations, in only two cases were 
equal or higher cyclic AMP concentrations seen in the 
presence of enflurane (4%, vol/vol) than in the cor- 
responding controls, irrespective of the other addi- 
tions to the medium. 


Effects of Enflurane on Islet Cyclic AMP 
Phosphodiesterase and Adenylate Cyclase 


Because the preceding results suggested that the in- 
hibition of insulin secretion seen in the presence of 
enflurane could in part be due to an alteration in cyclic 
AMP metabolism, the activities of the enzymes re- 
sponsible for the formation and the degradation of 
cyclic AMP were determined under the conditions 
shown in Table 2. Enflurane had no effect on the 
activity of islet cyclic AMP phosphodiesterase, while 
theophylline, employed as a positive control at con- 
centrations of 5 x 1075 Mand 5 x 107+ M, led to 13 
and 62% reductions in enzyme activity when com- 
pared to control (P < 0.01 and P < 0.001, respec- 
tively). By contrast, as shown in Table 2, the anes- 
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Table 2. Effects of Enflurane on Islet Cyclic AMP Phosphodiesterase (PDE) and Adenylate Cyclase 


Cyclic AMP PDE activity 
(Cyclic AMP hydrolyzed 


Additions to medium pmol-5 islets~ 30 min~') 


None (control) 14.92 + 0.07 
Enflurane (4%, vol/vol) 14.87 + 0.06 
Theophylline 5 x 107° M 13.03 + 0.54* 
Theophylline 5 x 10-74 M 572 20:32" 
NaF — 


NaF plus enflurane (4%, vol/vol) — 


Adenylate cyclase activity 
(Cyclic [*P]AMP formed 
pmol-25 islets~ +30 min`?) 


6.67 + 0.38 
4.41 + 0.56" 


13.40 + 0.63 
10.34 + 0.65 


Values shown are mean + SEM of at least six observations. 
"P < 0.01 when compared to control. 

PP < 0.001 when compared to control. 

“P < 0.005 when compared to NaF. 


thetic led to a 34% reduction in islet adenylate cyclase 
activity when compared to control (P < 0.01). Addi- 
tion of 10 mM NaF, a known stimulatcr of adenylate 
cyclase, increased the activity of the enzyme to 201% 
of control. In the presence of 10 mM NaF, enflurane 
led to-a 23% reduction (P < 0.005) in the activity of 
the islet adenylate cyclase (Table 2). 


Discussion 


The mechanism by which glucose stimulates insulin 
release from pancreatic islets of Langerhans is incom- 
pletely understood. It has generally been assumed 
that glucose or one of its metabolites interacting with 
cyclic AMP, extracellular and intracellular cations, and 
the microfilaments and microtubules of the islet cells, 
leads to fusion of the membranes of the insulin-con- 
taining secretory granules with the plasma membrane 
of the cells, with resultant release of stored insulin. 
Any hypothesis explaining insulin secretion must in- 
corporate cyclic AMP, the adenylate cyclase system, 
and cyclic nucleotide phosphodiesterase because it is 
known that glucose and other secretagogues increase 
the intracellular content of cyclic AMP and that cyclic 
AMP potentiates the insulin-releasing action of glu- 
cose (2). 

In the experiments reported here, glucose signifi- 
cantly increased the islet content of cyclic AMP. The- 
ophylline, a known inhibitor of cyclic AMP phospho- 
diesterase, further increased the islet content of the 
cyclic nucleotide and potentiated the insulin release 
seen in the presence of maximally stimulating glucose 
concentration (Table 1). 

Because we have previously shown a concentra- 
tion-dependent inhibition of insulin release by en- 
flurane with almost complete inhibition of secretion 
of the hormone at an enflurane concentration of 4% 
by volume (1), this concentration of the anesthetic was 
employed to determine whether it exerted an effect 


on islet cyclic AMP metabolism in the experiments 
described here. In the present studies, the inhibitory 
effect of enflurane upon insulin release was con- 
firmed. Although islet cyclic AMP levels were uni- 
formly lowered by enflurane, the decrease observed 
achieved statistical significance only in the case of 
islets exposed to a stimulatory glucose concentration 
(20 mM) in the presence of 1 mM theophylline (Table 
1). Furthermore, the extent of decline in islet cyclic 
AMP content seen under even the most favorable 
conditions (18%) greatly contrasted the dramatic in- 
hibition of insulin release observed (86%) and sug- 
gests that although enflurane does reduce islet cyclic 
AMP content, this cannot be the major mechanism 
explaining the inhibition of insulin release by the an- 
esthetic. Furthermore, it is clear from the data pre- 
sented that even the striking increase in islet cyclic 
AMP content caused by 1 mM theophylline did not 
reverse the enflurane-induced inhibition of insulin se- 
cretion (Table 1). 

Despite these considerations, it seemed of interest 
to determine the mechanism by which enflurane al- 
ters the islet content of cyclic AMP. For this reason, 
the effects of the anesthetic upon the activities of the 
islet enzymes responsible for the formation and the 
degradation of cyclic AMP were examined. Islets are 
known to contain two cyclic AMP phosphodiesterase 
activities with apparent K,, values for cyclic AMP of 
3 pM and 30 uM (14). The islet concentration of cyclic 
AMP is generally accepted to be approximately 1 uM 
(14), which our present results support. Thus assum- 
ing an islet wet weight of approximately. 10 wg, the 
cyclic AMP contents reported in Table 1 correspond 
to islet concentrations of the cyclic nucleotide of 0.6, 
0.94, and 1.38 uM in the presence of 2 mM glucose, 
20 mM glucose, and 20 mM glucose plus 1 mM the- 
ophylline, respectively. Because the apparent K,,, value 
of the low-K,, phosphodiesterase closely -approxi- 
mates the islet concentration of the cyclic nucleotide, 


1@ 


22 ANESTH ANALG 
1985;64:18-~-22 


this form of the enzyme is thought to be the major 
physiological determinant of rates of cyclic AMP deg- 
radation. In the present studies, enflurane was with- 
out effect upon the observed rate of cyclic AMP hy- 
drolysis by the low-K,, enzyme in experiments 
employing a substrate concentration of 1 uM (Table 
2). By contrast, enflurane led to statistically significant 
inhibitions of both basal and NaF-stimulated aden- 
ylate cyclase activities of the islet cells (Table 2), thus 
providing an explanation for the reduced islet cyclic 
AMP contents observed. 

The effects of volatile anesthetics on cyclic AMP 
metabolism have been studied in a variety of rat tis- 
sues. In the rat caudate nucleus, enflurane in con- 
centrations of 3 and 5% by volume in the gas phase 
increased adenylate cyclase activity by 11 and 22%, 
respectively, above basal levels (3). In the same re- 
port, enflurane at 5% by volume also decreased the 
activity of the low-K,, form of cyclic AMP phospho- 
diesterase by 24%. In contrast, in rat uterine muscle, 
halothane has been shown to increase the activities 
of both adenylate cyclase and phosphodiesterase in 
a dose-dependent fashion (4). These effects led to 
increased cyclic AMP levels, owing to a greater in- 
crease in the activity of adenylate cyclase than of 
phosphodiesterase in this tissue. In contrast to our 
findings in islets, halothane has been shown to en- 
hance the stimulation of uterine muscle adenylate cy- 
clase by NaF, a finding that has been interpreted as 
supporting an action of halothane on the catalytic unit 
of the enzyme (15). It appears that the volatile an- 
esthetics display tissue specificity in terms of their 
effects upon cyclic AMP metabolism. Thus the results 
presented here relating to anesthetic effects upon islet 
cyclic AMP metabolism differ from those previously 
reported for nonislet tissue in the rat. 

In conclusion, enflurane (4%, vol/vol) significantly 
inhibits islet adenylate cyclase without altering the 
activity of the low-K, cyclic AMP phosphodiesterase, 
thus leading to minor reductions in islet cyclic AMP 
content. However, the dramatic inhibition of insulin 
release seen in response to this concentration of en- 
flurane cannot be attributed solely to reduction in islet 
cyclic AMP concentration. First, the reduction of cyclic 
AMP concentration observed does not appear to be 
of sufficient magnitude and, second, elevation of is- 
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let cyclic AMP concentration by theophylline does not 
reverse the insulin-secretory inhibition exerted by the 
anesthetic. Studies are proceeding in our laboratory 
to elucidate further the nature of the inhibition of 
insulin release by enflurane. 
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The effects of age (older than 70 yr) on the pharmacokinetics 
and pharmacodynamics of d-tubocurarine (dTc) and meto- 
curine (MTc) were evaluated in studies of 21 patients aged 
70-87 and 21 patients aged 29-59. There was a significant 
difference in the pharmacokinetic parameters of all elderly 
patients compared with younger controls. With both dTc 
and MTc, the elderly exhibited a decreased plasma clearance, 
decreased initial volume of distribution, decreased volume 
of distribution, and a prolonged elimination half-life. After 
0.3 mglkg of dTc, the times for 50% return of twitch and 
recovery index (25-75% return of twitch response) in the 
elderly were significantly longer than in the young (P < 


It has been well established that the pharmacokinetics 
cf numerous drugs in the elderly differ from those in 
young patients (1-4). These differences are in large 
part a result of the normal aging process. In elderly 
patients, decreased total body fluid, decreased lean 
body mass with relative increase in body fat, and 
decrease serum albumin with decreased protein bind- 
ing can alter drug distribution. In addition, decreased 
cardiac output, reduced splanchnic blood flow with 
slow delivery of drug to the liver, and decreased kid- 
ney function, as evidenced by decreased renal blood 
flow, decreased glomerular filtration rate, and de- 
creased transport maximum can profoundly alter 
elimination of drugs. There is also considerable evi- 
dence that differences in the distribution and elimi- 


Supported in part by the National Institutes of Health, Grant 
GM-26745. 

Received from the Department of Anesthesiology, College of 
Physicians and Surgeons, Columbia University, and the Anesthe- 
siology Service, Presbyterian Hospital, New York, New York. Ac- 
cepted for publication September 24, 1984. 

Address correspondence to Dr. Matteo, Department of Anes- 
tnesiology, College of Physicians and Surgeons of Columbia Uni- 
versity, 630 West 168th Street, New York, New York 10032. 


© 1985 by the International Anesthesia Research Society 


0.02). A similar observation was made for the elderly pa- 
tients receiving 0.15 mg/kg of MTc. No significant differ- 
ence was seen in the log plasma concentration—twitch re- 
sponse relationship between 20-80% paralysis in young and 
in elderly patients receiving dTc. There was a similar lack 
of significant difference between the log plasma concentra- 
tion-twitch response lines for elderly and young patients 
receiving MTc. Because there was no difference between the 
plasma concentration—response relationships in the elderly 
and young, altered sensitivity to dTc or MTc cannot explain 
the longer duration of action seen in the elderly. The most 
likely explanation for this difference is the altered’ phar- 
macokinetics of these two drugs in the elderly. 


Key Words: NEUROMUSCULAR RELAXANTS— 
d-tubocurarine, metocurine. PHARMACOKINETICS-— 
d-tubocurarine, metocurine. PHARMACODYNAMICS 
—d-tubocurarine, metocurine. 


nation of drugs may account in large part for the 
increase in adverse drug reactions in aged patients 
(1-4). 

Significant differences in the pharmacokinetics and 
pharmacodynamics of muscle relaxants in elderly pa- 
tients compared with younger controls has been re- 
ported for pancuronium (5,6), alcuronium (7), and 
vecuronium (8,9). This study was undertaken to de- 
termine the distribution, elimination, and actions of 
d-tubocurarine (dTc) and metocurine (MTc) in elderly 
patients (older than 70 yr). | 


Methods 


Twenty-one elderly neurosurgical patients: (70-87 yr) 
and 21 younger adults (29-59 yr) undergoing crani- 
otomy for brain tumor or carotid endarterectomy were 
studied, after obtaining institutional approval and in- 
formed consent. All patients’ motoneuron systems 
were intact, and serum creatinine and BUN levels 
were within normal limits. The duration of the sur- 
gical procedure ranged from 3 to 9 hr. Kinetics and 
dynamics were studied simultaneously in all 14 pa- 
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Figure 1. Plasma concentration—time course curves for elderly 
(@——-@) and younger controls (O-—O) after a single intravenous 
dose (0.3 mg/kg) of dTc. Time is from 0 to 6 hr. Values are means 
+ sD, n = 7 in both groups. 


tients receiving 0.3 mg/kg of dTc. The pharmacoki- 
netics of metocurine were studied in 14 patients who 
received 0.3 mg/kg of MTc. The dynamics of meto- 
curine were separately studied in another group of 
14 patients who received 0.15 mg/kg of MTc. 
Premedication in most cases consisted of secobar- 
bital (50-120 mg) and atropine (0.3-0.5 mg), though 
4 of the elderly received atropine alone. The dose was 
based on the clinical judgment of the patient’s anes- 
thesiologist. Every patient was given an intravenous 
infusion of 500-800 ml lactated Ringer’s solution be- 
fore induction of anesthesia. Also prior to induction 
of anesthesia, an arterial catheter was placed in the 
patient's radial artery. Anesthesia was induced with 
thiopental (175-300 mg), the trachea intubated with 
the aid of succinylcholine (1 mg/kg), and anesthesia 
maintained with nitrous oxide—oxygen (60-40%) and 
halothane (0.4-0.9%), inspired. The anesthetic con- 
centration in each patient remained constant through- 
out the study. Mechanical ventilation was maintained 
with moderate hyperventilation (Paco, 25-35 mm Hg) 
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Figure 2. Plasma concentration-time course curves for elderly 
(@——®) and younger controls (0——0) after a single intravenous 
dose (0.3 mg/kg) of dTc. Time is from 0.5 to 24 hr. Values are mean 
+ sp, n = 7 in both groups. Values between 12 and 24 hr were 
not always drawn at precisely 3-hr intervals, and in these cases the 
plasma concentrations for the proper times were derived from the 
patient’s individual exponential equation. 


and core temperature was maintained in all patients 
between 35.8 and 37.1°C with the aid of warming 
blankets. Throughout the anesthesia and surgical pro- 
cedure, all patients received intravenous fluids, which 
consisted of Ringer’s solution or Normosol (Abbott) 
and 5% dextrose in water at a rate of 3-4 ml.-kg~!-hr7!. 
They also received oxacillin, dexamethasone, and, 
when indicated during vascular surgery, heparin. 

After induction of anesthesia, a forearm and hand 
of each patient were firmly fixed to a metal armboard, 
and the thumb was adducted in a yoke connected to 
a Grass force displacement transducer (FT-10) to mea- 
sure twitch tension. The ulnar nerve was stimulated 
at the wrist with subcutaneous needle electrodes with 
supramaximal stimuli from a Grass stimulator (Model 
S-8) in conjunction with a Grass stimulus isolation 
unit. The responses to a single stimuli of 0.2 msec 
duration delivered at a frequency of 0.1 Hz (6 stim- 
uli/min) were observed. In addition, a tetanus of 50 
Hz was used to make sure no residual effects of suc- 
cinylcholine were present (phase II block). After this, 
a stable baseline of twitch tension was recorded for 
10 min. 

At this point, patients in whom pharmacokinetics 
were studied were given a single dose of either dTc 
(0.3 mg/kg) or MTc (0.3 mg/kg). Blood samples were 
obtained from the arterial catheter in heparinized tubes 
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Figure 3. Plasma concentration—time course curves for elderly 
(™——4) and younger controls (G——C) after a single intravenous 
dose (0.3 mg/kg) of metocurine. Time from 0 to 6 hr. Values are 
means + SD, n = 7 in both groups. 


at 1, 3, 5, 10, 15, 20, 30, 45, 60, 90, 120, 150 min; and 
at 3, 4, 5, 6, 9 hr; between 12 and 24 hr either 3 or 4 
samples were drawn with at least 2 hr between each 
sample. Volume of each blood sample was 1 ml. 

In the dTc study, dynamics were studied simulta- 
neously with kinetics, and additional samples were 
drawn between the timed kinetic samples, if return 
of twitch warranted obtaining another sample. The 
pharmacodynamics of metocurine were studied in an- 
other group of 14 patients, whose twitch was moni- 
tored as described previously, but who received a 
single dose of 0.15 mg/kg of MTc. This dose of MTc 
was chosen to serve as the equivalent to a dose of 0.3 
mg/kg of dTc. Again, as twitch returned, blood sam- 
ples were obtained, heparinized, the plasma sepa- 
rated and frozen until analyzed for dTc by the ra- 
dioimmunoassay method of Horowitz and Spector 
(10) or the modification of this method for MTc (11). 

In analyzing the kinetic data, plasma concentra- 
tion—time data from each patient who received either 
daTC or MTc were fitted to both a 2- and 3-compart- 
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Figure 4. Plasma concentration-time course curves for elderly 
(E——8) and younger controls (4-2) after a single intravenous 
dose (0.3 mg/kg) of metocurine. Time from 0.5 to 24 hr. Values are 
means + SD, n = 7 for both groups. Values between, 12 and 24 hr 
were not always drawn at precisely 3-hr intervals, and in those 
cases the plasma concehtrations for the proper time were derived 
from the patient’s individual exponential equation. 


ment open model using a weighted nonlinear least 
squares regression program. The method described 
by Boxenbaum et al. (12) was employed to determine 
which model best described the data. 

The plasma clearance (Clp), half-life of elimination 
(t, elim), initial volume of distribution (V,), and vol- 
ume of distribution (Vdarea), Were calculated from the 
coefficients and exponents of the derived polyexpo- 
nential equation by the methods described by Wagner 
(13). Comparisons between the pharmacokinetic pa- 
rameters of the elderly and their younger controls 
who received either dTe or MTc were made by ap- 
plying Student’s t-test for unpaired data (two-tailed). 

In analyzing the pharmacodynamic data, the log 
plasma concentration~response curves were con- 
structed for the linear portion of the plasma concen- 
tration—response curves between 20-80% paralysis for 
each patient (14). The complete sigmoid concentra- 
tion—response curves could not be determined, be- 
cause the twitch response in many of the elderly pa- 
tients had not returned to control levels by the end 
of surgery. In every patient, however, the twitch had 
returned to at least 75% of the control value. The 
measured concentration—response points for the el- 
derly and their younger controls receiving either dTc 
or MTc were compared by analysis of covariance. The 
times required for recovery of twitch tension from 25 
to 75% of control value (recovery index) and times to 
50% recovery were recorded for the elderly and youn- 
ger controls for each drug. Statistical significance was 
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Table 1. d-Tubocurarine Pharmacokinetic Parameters 
(Mean + sp) 





Elderly, Young controls, 
n=7 n= 7 
(70-87 yr) (30-56 yr) P 
ty elim (min) 268 + 51 173 + 38 <0.05 
Clp (ml-kg~'min~") 0.79 + 0.18 1.71 + 0.32 <0.025 
V, (Likg) 0.025 + 0.006 0.038 + 0.007 <0.025 
Vdarea (L/kg) 0.281 + 0.04 0.425 + 0.06 <0.01 


determined by Student's t-test (two-tailed). P < 0.05 
was considered significant. 


Results 


The plasma concentration—time course curves in pa- 
tients receiving 0.3 mg/kg of dTc to 6 hr are displayed 
in Figure 1 and to 24 hr in Figure 2. Similar curves 
for MTc to 6 hr and 24 hr are shown in Figures 3 
and 4. 

At each time point on the plasma decay curves, 
the elderly patients receiving both dTc and MTc ex- 
hibited a significantly higher plasma concentration of 
the relaxant than the younger patients, the exception 
being that the mean plasma dTc concentration of the 
elderly at 24 hr was greater than in the young, but 
the difference was not statistically significant. 

Plasma decrement curves for all patients are best 
described by three-compartment models. The rela- 
tionship between plasma concentration and time is 
described by the following equations: dTc, elderly, C 
= §.65e— 954 + 2.21e~ 90 + 0.849e~ 9-045; dTe, youn- 
ger controls, C = 5.94e~ 04 + 1,42e70% + 0.52e7 0.008": 
MTc, elderly, C = 10.5707" + 3.2e70-%% 4+ 0.92¢~ 0.0013; 
MTc, younger controls, C = 5.75e7°4! + 1.18e7 °° 
+ 0.55¢~ 9-029 where C is concentration in ug/ml and 
t is time in min. The pharmacokinetic parameters for 
patients receiving dTc are presented in Table 1, and 
for patients receiving MTc in Table 2. There are sig- 
nificant differences in the pharmacokinetic parame- 
ters of all the elderly patients, regardless of whether 
they received dTc or MTc, when compared with the 
younger patients. The elderly exhibit a decreased 
plasma clearance, decreased initial volume of distri- 
bution, decreased volume of distribution, and a pro- 
longed elimination half-life. 

There was no significant difference seen in the log 
plasma concentration—-twitch response relationship 
between 20-80% paralysis for the elderly and the 
younger patients receiving dTc (Fig. 5). There was a 
similar lack of significant difference between the log 
plasma concentration—twitch response relationship for 
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Table 2. Metocurine Pharmacokinetic Parameters 
(Mean + sp) 


Elderly, Young controls, 
n=7 n=7 
(70-81 yr) (29-52 yr) P 
fy, elim (min) 530 + 83 269 + 56 <0.025 
Clp (ml-kg~'min~') 0.36 + 0.08 1.1 + 0.16 <0.01 
V, (Likg) 0.021 + 0.008 90.039 + 0.009 <0.01 
Vdarea (L/kg) 0.278 + 0.034 0.446 + 0.042 <0.01 


those patients receiving MTc (Fig. 6). After 0.3 mg/kg 
of dTc, the time for 50% return of twitch and the 
recovery index was ptolonged in the elderly (Table 
3). Similarly, elderly patients receiving 0.15 mg/kg 
Mic also displayed a longer time to 50% return of 
twitch, and their recovery index was longer than in 
their controls (Table 4). 


Discussion 

Recent review articles have described changes in body 
composition and function accompanying the aging 
process that alter the distribution, elimination, and 
actions of drugs (1-4). Among the changes seen with 
increasing age are decreased lean body mass, relative 
increase in body fat, decreased total body fluid, de- 
creased cardiac output, reduced splanchnic blood flow 
with slow delivery of drugs to liver, and decreased 
kidney function as a result of decreased renal blood 
flow, decreased glomerular filtration rate, and de- 
creased transport maximum. The authors of all of these 
4 review articles point out that these changes can 
account for many adverse drug reactions in the el- 
derly. Triggs and Nation (1) have pointed out that the 
most common pharmacokinetic change reported in 
the literature is a prolonged drug half-life. 

The long-acting muscle relaxants (pancuronium, 
d-tubocurarine, and metocurine) depend initially on 
redistribution and ultimately on urinary excretion for 
their elimination. Thus in elderly patients with de- 
creased cell mass and reduced kidney function, these 
drugs might be expected to have a longer duration of 
action. 

In our study, the recovery index was significantly 
prolonged in the elderly who received both dTc and 
MTc. With both drugs the elderly patients exhibited 
a significantly decreased plasma clearance, a de- 
creased initial volume of distribution (plasma vol- 
ume), a decreased volume of distribution, and a pro- 
longed elimination half-life. With both dTc and MTc 
there was no difference between the plasma concen- 
tration—response relationships of the elderly and the 
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Figure 5. Regression lines for elderly (@———®) and younger con- 
trols (0——0) given 0.3 mg/kg of dTc, log plasma concentration- 
response between 20 and 80% paralysis; n = 7 in both groups. 


younger patients. Because there is no change in 
concentration-response relationships between the el- 
derly and the younger patients, our conclusion is that 
delayed elimination of dTc and MTc in the elderly 
accounts for the prolonged effect of these drugs. This 
is the first report of the effects of age on the action, 
distribution, and elimination of dTe and MTc. The 
same principles derived from the present study also 
apply to pancuronium. McLeod et al. (5) attempted 
to correlate age with plasma clearance and volume of 
distribution in patients whose ages ranged from 20 to 
86 yr. They found a correlation only with plasma 
clearance. Somogyi (15), in responding to McLeod, 
presented data showing no correlation between clear- 
ance and age after administration of pancuronium. 
The most recent and complete study of the kinetics 
and dynamics of pancuronium in the elderly is by 
Duvaldestin et al. (6). They found that in elderly pa- 
tients (over 75 yr), the time for recovery of twitch 
tension was significantly prolonged. In addition, in 
the elderly, plasma clearance was decreased, elimi- 
nation half-life prolonged, and urinarv excretion of 
pancuronium decreased. The dose-response and 
plasma concentration—-response relationships in the 
elderly were comparable to the control group. This 
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Figure 6. Regression lines for elderly (@———-) and younger con- 
trols (O——O) given metocurine 0.15 mg/kg, log plasma concentra- 
tion—response between 20 and 80% paralysis; n = 7 for both groups. 


evidence led them to conclude that pancuronium ex- 
erts a prolonged effect on the elderly, because of de- 
layed elimination of the drug, and the pharmacody- 
namics of pancuronium are not altered by aging. — 

Stephens et al. (7) have recently reported on the 
pharmacokinetics of alcuronium in 2 groups of elderly 
patients. One group of patients had aortic aneurysm 
resection or total hip replacement with substantial 
blood loss, while the second group of elderly patients 
had minimal blood loss. The group of elderly patients 
with minimal blood loss exhibited a significantly pro- 
longed elimination half-life and a significantly de- 
creased plasma clearance. Although the authors did 
not measure duration of action of a dose’ of alcuro- 
nium on the basis of pharmacokinetics, it is, very likely 
that the drug’s action could be prolonged in elderly 
patients. l 

It appears that 3 long-acting muscle relaxants so 
far studied in the elderly, d-tubocurarine, metocurine, 
and pancuronium, have a prolonged effect as a result 
of delayed drug distribution and elimination. The 
fourth, alcuronium, exhibits kinetic changes that could 
lead to a prolonged duration of action. 

Vecuronium and atracurium, both muscle relax- 
ants of intermediate duration of action, have been 


1 
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Table 3. Duration of Action of d-Tubocurarine (minute 


dose 0.3 mg/kg) 
Young controls Elderly 
n= 7, n= 7, 
Recovery twitch Mean + SD Mean + SD 
height (30-56 yr) (70-87 yr) P 
25% 43 + 12 64 + 22 NS 
50% 65 + 14 114 + 34 <0.02 
75% 92 + 21 158 + 46 <0.02 
Recovery index, 
25-75% 48 + 12 <0.02 


94 + 32 


studied in the elderly. d'Hollander et al. (8) reported 
that the recovery index was prolonged in patients 
older than 60 yr who were receiving vecuronium. In 
a preliminary report, Rupp et al. (9) found elderly 
patients (70-84 yr) to have a significantly lower plasma 
clearance and volume of distribution than their con- 
trols. In determining pharmacodynamic parameters, 
they reported a steady-state concentration that results 
in 50% paralysis to be the same between the elderly 
and their controls. Unlike d'Hollander, they did not 
find any difference in the recovery index between the 
elderly and their controls. d'Hollander et al. (16) have 
studied atracurium in the elderly. They found that 
there was no significant difference between the dose 
required to produce a steady-state paralysis or the 
times required for recovery of twitch height in elderly 
patients, compared with younger groups of patients. 
The authors felt that the absence of age-related changes 
in dosage or recovery time was related to the mech- 
anism of inactivation of atracurium: auto-decompo- 
sition by “Hoffman elimination” or by nonspecific 
plasma hydrolysis. 

In summary, in this study we have found a pro- 
longed effect of dTe and MTc in the elderly, if the 
drugs are administered on a mg/kg basis. Delayed 
elimination appears to account for this effect. In ad- 
dition, all of the studies of long-acting nondepolar- 
izing muscle relaxants in the elderly have reported 
changes in kinetics that could cause prolonged effects 


of these drugs. In the case of vecuronium, a relaxant 


of intermediate action, there are conflicting reports as 
to the prolonged duration of action. The action of 
atracurium, which depends on “Hoffman elimina- 
tion” or nonspecific plasma hydrolysis for elimina- 
tion, rather than the kidney, does not appear to be 
affected by increasing age. 

These findings are of considerable import. The el- 
derly represent a large and increasing patient popu- 
lation: In our own clinic, the elderly (older than age 
70) comprise 15% of those patients anesthetized for 
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Table 4. Duration of Action of Metocurine (minute dose 
0.15 mg/kg) 


Young controls Elderly 
n= 7, n= 7, 
Recovery twitch Mean + SD Mean + SD 
height (30-59 yr) (73-83 yr) P 
25% 33 + 14 63 + 49 NS 
50% 55 + 14 118 + 52 <0.05 
75% 80 + 19 173 + 69 <0.02 
Recovery index, 
25-75% 47 + 10 110 + 35 <0.01 


surgical procedures. The majority of these patients 
received muscle relaxants. Special care should be ex- 
ercised in administering muscle relaxants to these pa- 
tients. Downward adjustment of the dose given, to- 
gether with careful monitoring of neuromuscular 
transmission should prevent overdose in the elderly 
patient. 
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The effects of intravenous nitroglycerin (NTG) upon the 
bleeding time, platelet aggregation response, and plasma 
6-keto-PGF,,, concentration were measured in 17 patients 
about to undergo coronary bypass grafting. NTG produced 
a dose-related prolongation of the bleeding time that cor- 
related with the accompanying decrease in systolic blood 


Nitroglycerin (NTG) in clinically effective concentra- 
tions stimulates prostacyclin (PGL) synthesis by 
endothelial cells (1) and bovine coronary arteries (2). 
Because PGI; is a potent inhibitor of platelet function 


=- (3-5), these observations suggest a mechanism by 
`- which NTG could act as an inhibitor of platelet func- 
- tion in vivo. In a preliminary communication we dem- 


onstrated that NTG prolonged the bleeding time in 
human subjects (6), an observation recently con- 
firmed by Ring et al. (7). We have expanded these 
initial studies and now report the effects of intrave- 
nous NTG upon measurements of bleeding time, 
platelet aggregation response, and the PGI, hydrol- 
ysis product (6-keto-PGF;,) in 17 patients. 


Methods 


Sixteen men and three women (aged 36-73 yr) sched- 
uled for coronary bypass grafting were the subjects 
of this study. After we obtained informed consent, 
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pressure. Platelet aggregation was not affected and mea- 
surements of 6-keto-PGF,, failed to reveal detectable levels 
(< 10 pg/ml) either before or after NTG infusion. This 
suggests that the prolonged bleeding time associated with 
NTG infusion may be due to vasodilation and increased 
venous capacitance, rather than altered vascular—platelet 
interaction. 


Key Words: PHARMACOLOGY—nitroglycerin. 
ANESTHETIC TECHNIQUES, HyYPOTENSIVE—nitro- 
glycerine. BLOOD—coagulation. 


patients received intravenous NTG for the purpose 
of blood pressure control. No patients were medi- 
cated with NTG ointment or patches on the day of 
surgery. 

In the operating room, routine intravenous and 
monitoring lines including electrocardiogram, an ar- 
terial line, and a flow-directed pulmonary artery cath- 
eter were put in place. No peripheral intravenous 


_ lines were placed on the right side of any of the study 


patients, so that fluid administration would not in- 
fluence the results of template bleeding time tests, 
which were always performed on the patient's right 
inner forearm. After this was completed a template 
bleeding time (8) was performed, and blood was ob- 
tained by venipuncture for platelet aggregation stud- 
ies, plasma NTG concentrations, and assay of 6-keto- 
PGF,,. An NTG infusion (30 mg in 250 ml of 5% 
dextrose in water, American Critical Care, McGaw 
Park, IL) was begun at 60 ug/min and modified to 
maintain systolic blood pressure between 90-120 mm 
Hg. When systolic blood pressure had declined to 
between 110-120 mm Hg, the rate of NTG infusion 
was decreased and a second bleeding time was mea- 
sured. A second blood sample was then obtained for 
aggregation studies, plasma NTG level, and 6-keto- 
PGF,,, assay. After the second set of blood samples 
was obtained, anesthesia was administered and sur- 
gery was begun. 

Bleeding times were measured by Simplate II (Gen- 
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eral Diagnostics) (8). Platelet aggregation studies were 
performed in a platelet aggregometer according to the 
method of Born (9). Platelet rich plasma (PRP) was 
prepared by differential centrifugation af blood mixed 
in 3.8 g/100 sodium citrate in a 9:1 ratic. Before NTG 
infusion and after blood pressure was brought under 
control, platelet counts in PRP were 302,000 + 128,000 
and 297,000 + 108,000, respectively. Platelet re- 
sponses to ADP (1.25, 1.5, 2.5, and 5 pM), epineph- 
rine (8 aM), arachidonic acid (2 mM), and several 
concentrations of collagen were measured. The ag- 
gregation response to collagen was expressed as K, 
(the collagen concentration required to produce one- 
half maximum aggregation velocity). The greater the 
K4 (i.e., collagen requirement), the less responsive the 
platelets (10). Although none of the patients received 
aspirin or other known cyclooxygenase inhibitors, two 
patients demonstrated markedly abnormal baseline 
aggregation studies [i.e., impaired aggregation with 
arachidonic acid, absence of secondary aggregation 
with ADP (5 uM) and epinephrine (8 uM), and mark- 
edly elevated collagen K, values (> 4.0 ug/ml; normal, 
0.4-2.0 ug/ml)], and were eliminated from the study. 
In an additional patient, platelet studies could not be 
performed for technical reasons. Although propran- 
olol may alter platelet function (11), eight patients 
who received propranolol preoperatively had normal 
baseline aggregation and were retained in the study. 

The NTG plasma concentration was measured ac- 
cording to the method of Yap et al. (12). The NTG 
detection limit was 0.2 ng/ml, and the coefficient of 
variation was 10% at concentrations below 1.0 ng/ml, 
and < 10% at concentrations above 1.0 ng/ml. Assays 
for 6-keto-PGF,, were performed according to the 
method of Patrono et al. (13). Statistica: analysis was 
by Student’s f-test and correlation coefficients (r) were 
calculated according to the method of least squares. 


Results 


The amount of NTG infused varied between 7-230 
pg/kg and produced decreases in systolic blood pres- 
sure that ranged from 14 to 90 mm Hg. When the log 
of the NTG dose was plotted against the observed 
decline in systolic blood pressure, a positive corre- 
lation was obtained (r = 0.65; P < 0.005). 

The platelet count was unchanged after NTG in- 
fusion (preinfusion, 169,000 + 49,000; after blood 
pressure was controlled, 173,000 + 56,000). However, 
the bleeding time was prolonged from 6.1 + 1.7 min 
to 8.1 + 2.5 min (difference in paired samples 2.0 + 
0.4; P < 0.001) (Fig. 1). NTG had no effect upon plate- 
let aggregation. The minimum concentration of ADP 
required to induce secondary wave platelet aggre- 
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Figure 1. Bleeding times and platelet responsiveness to collagen 
(Ka) before and after nitroglycerin (NTG) infusion. Note that bleed- 
ing time is prolonged after NTG infusion (P < 0.001), while collagen 
K, is unchanged. 


gation was increased in four patients after infusion, 
unchanged in nine, and decreased in three: Similarly, 
the aggregation response to epinephrine and arach- 
idonic acid was unchanged, and the collagen Ka, which 
was 0.9 + 0.7 pg/ml collagen before infusion, re- 
mained stable at 1.0 + 0.7 ug/ml collagen after blood 
pressure was brought under control (Fig. 1). Review 
of the initial nine cases revealed that the change in 
bleeding time correlated with the total NTG dose (r 
= 0.75; P < 0.02), but not with the NTG plasma 
concentration (r = 0.45; P, not significant). For this 
reason, measurements of plasma NTG concentra- 
tions, which ranged between 0.2 and 54 ng/ml, were 
discontinued. Analysis of all 17 patients confirmed 
the positive correlation between the log of the total 
NTG dose and the change in bleeding time (r = 0.77, 
P < 0.001) (Fig. 2). Moreover, when the decline in 
systolic blood pressure was plotted against the pro- 
longation in bleeding time, a statistically significant 
positive correlation was also obtained (r = 0.53, P < 
0.05). Measurements of 6-keto-PGF,, failed to reveal 
detectable levels (< 10 pg/ml) in any of the patients 
either before infusion or after blood pressure was 
brought under control. 


Discussion 


Intravenous nitroglycerin produces a dose-related 
prolongation of the bleeding time that is proportional 
to the accompanying decrease in systolic blood pres- 
sure. The lack of a demonstrable correlation between 
change in bleeding time and plasma NTG concentra- 
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Figure 2. Correlation between change in bleeding time and NTG 
dose. 


tion may be explained partially by the unusual phar- 
macokinetic features of NTG (14). For example, McNiff 
et al. (15) estimated that only about 1% of the total 
body load of NTG is found in plasma. Thus plasma 
NTG concentration may be greatly altered by minor 
fluctuations in the degree of drug binding to the large 
tissue pool, and as such, may serve as a variable index 
of its pharmacologic action (14). 

Although a preliminary communication described 
inhibition of platelet aggregation (6), more complete 
studies reported here fail to uphold the inhibitory 
effect of NTG upon platelet aggregation and are con- 
sistent with the reports of others (7,16) who were 
similarly unable to detect an effect of NTG upon ex- 
vivo platelet aggregation. The lack of a demonstrable 
platelet defect after NTG infusion is consistent with 
both the low concentration of 6-keto-PGF;, (< 10 pg/ml) 
observed and a concentration of PGI, below the 
threshold required to inhibit ADP-induced platelet 
aggregation in vitro (~ 34 pg/ml) (17). However, the 
inability to demonstrate impaired platelet function does 
not, eliminate PIG, as the mediator of NTG-induced 
prolongation of the bleeding time. 

Although recent evidence indicates that PGI, is not 


a circulating hormone, PIG) may, nonetheless, play 


an important role in localized platelet-vascular inter- 
actions (18). FitzGerald et al. (19) and Blair et al. (20) 
have shown that the upper limit of the baseline plasma 
6-keto-PGF,, concentration in humans ranges be- 
tween 2.5 and 3.0 pg/ml. Because the methods em- 
ployed in this study had a detection limit of 10 pg/ml, 
we cannot rule out a possible 3—4-fold increase of PGI, 
production after NTG infusion. Such an increase might 
conceivably affect local platelet-vascular interactions 
without inducing a demonstrable defect in platelet 
aggregation. 

Recently Ring et al. (7) demonstrated that NTG- 
induced prolongation of the bleeding time is abol- 
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ished by aspirin given 2-3.5 hr before NTG admin- 
istration, but reemerges 48 hr after aspirin ingestion. 
The 48-hr recovery time of this NTG effect is roughly 
equivalent to the time required for recovery of vas- 
cular cyclooxygenase in endothelial cell cultures ex- 
posed to aspirin (21). This suggests that the effect of 
NTG upon the bleeding time may indeed be mediated 
by PGI. On the other hand, Fitzgerald et al. (22) did 
not detect an increase in urinary prostacyclin metab- 
olites after NTG infusion. Although this latter obser- 
vation would seem to eliminate circulating PGI, as 
the mediator of the NTG effect, it does not rule out 
increased PGI, at the endothelial cell level influencing 
localized platelet-vascular interactions (18). Thus a 
role for PGI, as a mediator of NTG effects remains an 
open question. 

Vascular factors may provide an alternative expla- 
nation for the effect of NTG upon the bleeding time. 
Recently Leier et al. (23) measured limb blood flow 
by venous occlusive plethysmography in patients re- 
ceiving intravenous NTG. They demonstrated that 
intravenous NTG decreased limb vascular resistance 
and increased mean limb blood flow by approximately 
20%. Although the bleeding time may be considered 
a measure of the platelet aggregation in vivo (24), 
vascular factors may also be involved. A prolonged 
bleeding time associated with vasodilation and in- 
creased limb flow “would be compatible with the idea 
that larger aggregates would be required to plug a 
dilated vessel’’ (24). Thus the prolongation in bleed- 
ing time induced by NTG may be due to vasodilation 
and increased venous capacitance, rather than altered 
local vascular—platelet interaction. 


The authors thank Drs. C. Patrono and G. A. FitzGerald for advice 
in the preparation of the manuscript. 
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Thirty-two healthy term parturients undergoing elective ce- 
sarean section randomly recetved either no antacid (n = 
10), 30 ml of 0.3 molar sodium citrate less than 60 min 
preoperatively (n = 11), or 30 ml of 0.3 molar sodium 
citrate longer than 60 min preoperatively (n = 11). Im- 
mediately after delivery, the stomach was emptied as com- 
pletely as possible through a #18 Salem Sump tube passed 
orally. Mean gastric pH in the three groups was 1.8 + 2.7 
(sD), 5.0 + 1.5, and 2.7 + 1.2, respectively. Gastric pH 
was significantly higher in the short interval group than in 
either the control group or in patients receiving their sodium 
citrate more than 60 min in advance. Gastric volumes were 


Aspiration of gastric contents persists as a leading 
cause of maternal mortality (1,2). Laboratory research 
suggests greater morbidity and mortality when the 
volume of aspirate exceeds 0.4 ml/kg and the pH is 
less than 2.5 (3,4). Most attempts to decrease the threat 
of aspiration focus on increasing gastric pH, because 
gastric volume proves difficult to alter reliably. Ant- 
acids effectively increase gastric pH (3,5). Unfortu- 
nately, their widespread use has not eliminated ma- 
terial mortality (1). Pulmonary injury caused by 
emulsified antacids aspirated into the lungs may ex- 
plain the failure of some types of antacid prophylaxis 
(6). Clear solutions, buffered to the same pH as emul- 
sified antacids, on the other hand, do not damage 
lungs if aspirated (6). 

Sodium citrate, an excellent in vitro buffer of gastric 
pH, is a clear solution, does not injure the lungs if 
aspirated, and offers an alternative to emulsified ant- 
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similar. All control patients had a gastric pH less than 2.5. 
Nine percent of patients receiving sodium citrate less than 
60 min in advance and 50% of patients receiving their 
sodium citrate longer than 60 min in advance had a pH of 
less than 2.5. Volumes exceeding 25 ml occurred with equal 
frequency. No patient in the short interval group had a 
combination of both pH of less than 2.5 and a volume ex- 
ceeding 25 ml. This combination occurred with equal fre- 
quency in control patients (64%) and in those patients re- 
ceiving their sodium citrate more than 60 min in advance 
(50%). We conclude that sodium citrate effectively increases 
gastric pH when given less than 60 min prior to the in- 
duction of anesthesia. 


Key Words: GASTROINTESTINAL TRACT—ant- 
acids. COMPLICATIONS—aspiration. ANES- 
THESIA—obstetric. 


acids (7). Its effectiveness in clinical practice remains, 
however, uncertain. In a previous study, for example, 
we administered 30 ml of a 0.15 molar solution of 
sodium citrate in a series of parturients and found 
that 85% had a gastric pH of less than 2.5 at the time 
of sampling (8). We hypothesized that sodium citrate 
might have a short duration of action, because the 
mean interval between drug administration and sam- 
pling (80 min) was significantly longer than intervals 
noted in earlier studies that demonstrated sodium 
citrate to be more effective in increasing gastric pH 
above 2.5 (7,9). In the present study we examined this 
possibility in a series of parturients in whom we con- 
trolled the sampling interval. 


Methods 


The Clinical Research Practices Committee approved 
the protocol, and 32 healthy term parturients sched- 
uled for elective cesarean section under general anes- 
thesia participated in the study after giving informed 
consent. We randomly assigned parturients to one of 
three antacid pretreatment regimens: no antacid; 30 
ml 0.3 molar sodium citrate (sodium citrate solution: 
88.2 g sodium citrate dissolved in 1000 ml distilled 
water; pH 8.4) given orally less than 60 min preop- 
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Table 1. Gastric Sampling in Untreated Control Patients 
and Patients Receiving Sodium Citrate 





Control Short interval* Long interval? 

(n = 11) (n = 11) (n = 10) 
Age (yr) 23.2 + 3.4 25.7 + 3.8 210 2.3.7 
Height (cm) 163.6 + 7.9 164.1 + 8.1 162.8 + 5.3 


17.0 79.3 + 14.9 


Weight (kg) 77.6 £ 17:5 85.7 
— 10.2 76.3 + 22.6 


Interval (min) 37.4 


lt- I4 


Values given as mean + SD. 

Short interval, antacid sodium citrate administered less than 60 min 
preoperatively. 

‘Long interval, sodium citrate given more than 60 min preoperatively. 


eratively; and 30 ml 0.3 molar sodium citrate given 
more than 60 min preoperatively. The hospital phar- 
macy prepared the sodium citrate solution, which was 
then stored in a refrigerator until immediately before 
use. We induced anesthesia rapidly with 4.0 mg/kg 
of thiopental intravenously, and intubated the trachea 
after an intravenous bolus of 1.2 mg/kz of succinyl- 
choline while applying cricoid pressure. After the in- 
tubation, we administered 66% nitrous oxide with 
33% oxygen while maintaining muscle relaxation with 
an infusion of 0.1% succinylcholine. As soon as pos- 
sible after intubation, we passed a #18 Salem Sump 
tube orally and aspirated the gastric contents as com- 
pletely as possible to measure the volume and pH 
(Fischer accument pH meter, Model 1212) of each 
specimen. We compared the parturient groups for 
age, height, weight, interval between antacid pre- 
medication and sampling, and gastric pH and vol- 
ume. Data were analyzed using the multivariant anal- 
ysis of variance, t-test, and y*-test. We considered a 
P value of equal to or less than 0.05 as statistically 
significant. 


Results 


The groups were similar in age, height, and weight 
(Table 1). The mean sampling interval was 37.4 + 
10.2 min in the short interval group and 76.3 + 22.6 
min in the long interval group (Table 1). Volumes of 
gastric contents did not differ among the groups (Ta- 
ble 2). The short interval group had a mean gastric 
pH significantly higher than mean gastric pH levels 
in both the long interval and control groups. There 
was no statistical difference between the mean pH in 
the control group and the mean pH in patients who 
received their sodium citrate more than 60 min prior 
to sampling (Table 2). 

Gastric pH was below 2.5 in all parturients who 
did not receive sodium citrate preoperatively (Table 
3). Although there was no statistical difference in mean 
pH between the gastric specimens of the control group 
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Table 2. Mean Gastric Volumes and pH Levels in 
Control Patients and in Patients Receiving Sodium 
Citrate Pretreatment 





Control Short interval Long interval 

(n = 11) (n = 11) : (n = 10) 
Volume (ml) 32.2 + 21.9 46.6 + 26.8 34.3 + 14.0 
pH (mean) 1.8 + 0.3 5,0. 1.57 12.7 + 1.2 


“P < 0.05 when compared to control and long interval groups. 
Values are mean + SD. 


and those who received sodium citrate more than 60 
min in advance, only 50% of patients in the long in- 
terval group had a gastric pH less than 2.5. This was 
significantly less than in the control group (Table 3). 
Only 9%, 1 of 11 patients, had a pH below 2.5 when 
sodium citrate was administered less than 60 min in 
advance, statistically better than pH values less than 
2.5 in either of the other groups. 

Gastric volumes greater than 25 ml occurred with 
similar frequency in all groups. Despite the appar- 
ently larger volume in the short interval group, 
regression analysis failed to demonstrate any rela- 
tionship between gastric volume and sampling inter- 
val. Control patients were most likely to have both a 
low pH and a volume exceeding 25 ml (Table 3). Un- 
like the control or long interval groups, no patient 
had this potentially lethal combination when sodium 
citrate was given less than 60 min in advance. The 
administration of sodium citrate more than 60 min in 
advance offered no protection, when compared to the 
control patients. 


Discussion 


In 1973, Lahiri et al. found that 15 ml of 0.3 molar 
sodium citrate elevated gastric pH above 3.0 in 21 of 
22 parturients (7). Later, however, Hester and Heath, 
using the same volume and concentration of sodium 
citrate, found no differences between treated and un- 
treated control patients (10). They attributed the suc- 
cess of Lahiri et al. to faulty experimental design. 
Subsequent investigators doubled the volume of so- 
dium citrate given, and thus the buffering capacity of 
antacid administered, and successfully increased the 
gastric pH (11). In our earlier study, 30 ml of a 0.15 
molar solution had a buffering capacity equivalent to 
that used in Lahiri’s (7) study using 15 ml of 0.3 molar 
sodium citrate, and 85% of our parturients had a gas- 
tric pH less than 2.5 (8). A short duration of action 
could explain the difference between our results and 
those of Lahiri et al. Our present results surprised us 
by confirming this explanation, both because Viegas 
and Wrobel successfully used a 15 ml volume of a 0.3 
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Table 3. Incidence of Gastric pH < 2.5 and 
Volumes > 25 ml in Controls and in Patients Receiving 
Sodium Citrate’ 





Control Short interval Long interval 

(n = 11) (n = 11) (n = 10) 
pH < 2.5 100% (11/11) 9% (1/11 50% (5/10) 
Volume > 25 ml 64% (7/11) 91% (10/11) 80% (8/11) 
pH < 2.5 and 64% (7/11) 0% (0/11) 50% (5/107 


volume > 25 ml 


‘Incidence is reported as a percentage of patients and as the number of 
affected patients per group. 

»P < 0.05 when compared to other groups. 

eP < 0.05 when compared to short interval group. 


molar solution of sodium citrate (9,12) and because 
Gibbs et al. (13) did not find a relationship between 
gastric pH and the interval between antacid admin- 
istration and sampling if the interval was less than 
185 min. Recently, O’Sullivan and Bullingham ob- 
served that gastric emptying represents an important 
factor in determining the duration of action of ant- 
acids (14). When gastric emptying occurs swiftly, the 
antacid rapidly leaves the stomach and has a short 
duration of action. Factors that slow gastric emptying 
extended the duration of effect of antacids. Our pa- 
tients received neither narcotics nor anticholinergics 
that might slow gastric emptying. Pocketing or lay- 
ering of orally administered solutions within the 
stomach can also occur, and not only prevent ade- 
quate mixing of antacids with the gastric contents, 
but also delay gastric emptying (15). After antacid 
administration, our patients were never fully supine 
or in the head-up position, making pocketing or lay- 
ering of sodium citrate within the stomach less likely. 
Rapid gastric emptying may also possibly explain the 
short duration of action we observed. Despite the fact 
that regression analysis failed to detect a statistical 
relationship between pH and interval between 
administration of sodium citrate and sampling of gas- 
tric content (Fig. 1), the elevated mean pH in the short 
interval group and the increased incidence of low pH 
in the long interval group suggest, when compared 
to the short interval group, a short duration of sodium 
citrate action. This becomes more apparent when ex- 
amining parturients with both a low pH and gastric 
volumes above 25 ml, for we were unable to distin- 
guish statistically between control patients and those 
patients in whom the time from administration to 
sampling was longer than 60 min. The trend of smaller 
gastric volumes in the long interval group, although 
not statistically significant, may reflect the passage of 
antacid from the stomach, and explain the low pH. 
We were initially concerned that administering 30 
ml of sodium citrate close to the time of induction of 
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Figure 1. Regression analysis plotting pH versus intervals (min) 
for patients receiving 30 ml 0.3 molar sodium citrate preoperatively. 
Statistical analysis revealed no relationship between the two variables. 


anesthesia might increase gastric volume. Because 
outcome from aspiration depends on both gastric vol- 
ume and pH, larger gastric volumes might mitigate 
the beneficial effects of increased pH. The gastric vol- 
ume in the short interval group was, however, not 
significantly greater than in either the control or the 
long interval groups. We recognize that simple as- 
piration of gastric contents is not a completely reliable 
method of measuring gastric volume. Dye dilution 
techniques are more accurate. Nevertheless, the gas- 
tric volumes in all three groups indicate some in- 
creased risk and, if anything, underestimate gastric 
volumes. The gastric volumes in our patients ranged 
from a low of 15 ml to a maximum of 100 ml, em- 
phasizing that parturients have unpredictable gastric 
volumes. No parturient has an “empty” stomach. 
We conclude that sodium citrate represents an ef- 
fective antacid for elective cesarean section patients 
only when given less than 60 min preoperatively. It 
may prove ineffective when administered more than 
60 min preoperatively. No techique, including sodium 
citrate administration, completely eliminates the threat 
of aspiration. Suspicion that all parturients may have 
a full stomach, liberal use of regional anesthesia, me- 
ticulous attention to details, and, when general anes- 
thesia becomes necessary, securing the airway in the 
safest fashion, all form necessary aspects of any an- 
esthetic plan for women delivering by cesarean section. 
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We built and tested a combined proportional/derivative and 
minimum variance adaptive control algorithm for the reg- 
ulation of blood pressure using sodium nitroprusside (SNP). 
- In ten dogs the pressure was reduced by 30 mm Hg for 1 
hr. The blood pressure came to within 5 mm Hg of the 
desired pressure in 1.7 + 4 min and after 3.4 + 0.3 min 
it remained within + 5 mm Hg of the desired value. During 
the nitroprusside infusion, bolus doses of epinephrine and 
SNP as well as phlebotomy were used to challenge the con- 


Sodium nitroprusside (SNP) is a rapidly acting vas- 
odilator that relaxes the smooth muscle of the pe- 
ripheral arterial and venous vasculature. Indications 
for use of SNP include management of hypertensive 
crisis, of myocardial dysfunction, and of myocardial 
ischemia, as well as the induction of controlled hy- 
potension (1-3). Meticulous care and close attention 
are required during drug infusion because of the rapid 
onset and the high degree of variability in response 
among patients. Computer rather than manual con- 
trof of the infusion of SNP may improve safety and 
provide better control of the blood pressure. 

Several algorithms have been used to automatically 
control the infusion of SNP. Proportional, integral, 
and differential (PID) and “wait and see” controllers 
do not adapt to the varying sensitivities among pa- 
tients and have to be readjusted for a very sensitive 
or insensitive patient (4-9). Approaches using adap- 
tive algorithms (minimum variance, model reference, 
and adaptive PID) have the disadvantage of requiring 
a 10-15 min learning period before control can be 
initiated (10-15). During this learning time, the con- 
troller computes the patient’s sensitivity to SNP and 
automatically adjusts its gain accordingly. During 
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troller. The controller responded rapidly and effectively so 
that blood pressure remained stable throughout each chal- 
lenge. Control was achieved in ten dogs with very different 
sensitivities to SNP. After 1 hr of SNP infusion, the rate 
of SNP infusion required to maintain a 30 mm Hg reduction 
in pressure averaged 112 mlíhr with a standard deviation 
of 108 ml/hr. Adaptive control met the challenge of large 
differences in sensitivity and maintained the desired blood 
pressure. 


Key Words: ANESTHETIC TECHNIQUES—hypo- 
tensive. BLOOD PRESSURE—hypotension. COM- 
PUTER PROGRAMS. 


anesthesia it is desirable to lower blood pressure 
quickly, without waiting for a learning period. In an 
animal study we tested a combined proportional and 
derivative (PD) and minimum variance adaptive con- 
trol algorithm without a. learning period. 


Methods 
Control Algorithm 


Our system used a self-tuning controller based on the 
minimum-output-variance theory of Clarke (16). An 
animal's response to SNP is described by the following: 


y(t) = fot — 1) + + fayt — n) + goult 
— k) ++ + g,u(t — k — n) + error, (1) 


where y(t) equals blood pressure; y(t — 1), previous 
blood pressure; u(t — k), SNP infusion rate; u(t — k 
— 1), previous SNP rate; error, uncorrelated noise; k, 
input delay time; fo,---,fn,8o,'"'/ Rn, Coefficients for the 
animal; and £, integer time index. 

Equation (1) predicts the current blood pressure 
(y(£)) given the present and previous SNP rates and 
previous blood pressures. If noise in the blood pres- 
sure measurement and irregularities in the SNP- 
pressure relationship are assumed to be zero for the 
purposes of this study (error = 0) and if the sample 
time is selected such that the transport time between 
drug delivery and drug effect can be ignored (t = 15 
sec and k = 0), the rate of SNP administration that 
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Figure 1. Block diagram of the computer controller for SNP infusion. 
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will produce a blood pressure of zero is the following: 


u(t) = — Foyt — 1) +> + faye — n) 
+ guu(t — 1) + --- + g,u(E ngo (2) 


The infusion rate that will produce a nonzero pressure 
(yz) is given by substituting ya — y(t) for y(t). A re- 
cursive least squares technique is used to calculate the 
five f; and g; coefficients for each animal (16). Pro- 
portional and differential (PD) control terms are added 
in parallel with the minimum-variance algorithm. The 
PD terms are 


u(t) = Kp [ya — y (Đ] (3) 
ualt) = Ka [yt — 1) — yO] (4) 


where K, is [(weight (kg) — 10)/10] + 2, and ky = 
k,/2. The final SNP infusion rate becomes u(t) + u(t) + 
ut). 


Equipment 

The control algorithm was implemented using a Mo- 
torola EXORcisor II 6809-based microprocessor de- 
velopment system (Fig. 1). The SNP infusion rate was 
controlled via a serial data port to an [VAC 630 vol- 
umetric infusion pump with a computer interface 
module. Blood pressure from an intraarterial catheter 
and pressure monitor (Textronix 414) was interfaced 
through a 12-bit analog-to-digital converter. The SNP 
infusion rate and blood pressure were sampled every 
15 sec and displayed in a video terminal (Perkin-Elmer 
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ERROR (mmHg) 
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TIME (min ) 


Figure 2. Average difference between the desired mean arterial 
blood pressure and the measured pressure (error) after initiating 
computer control. Each bar gives one standard deviation. 


550) and stored on diskette (Motorola EXORdisc II). 
Control parameters and error signals were printed 
after every fifth sample period (Centronics 781). 


Animal Preparation 


Ten mongrel dogs (18-25 kg) were anesthetized with 
intravenous sodium thiopental (15-20 mg/kg) and their 
tracheas intubated. Anesthesia was maintained with 
1.0% halothane, 50% nitrous oxide, and the balance 
oxygen. The inspired concentrations of halothane and 
nitrous oxide were adjusted to maintain. the mean 
blood pressure at 110 + 10 mm Hg before the SNP 
infusion was started. Mechnical ventilation was ad- 
justed to maintain Paco, at approximately 35 mm Hg. 
Body temperature was kept at 37 + 1°C using a heat- 
ing pad. Normal saline (125 mi/hr) and drugs were 
administered through a forepaw vein. Percutaneous 
catheters were introduced into both femoral arteries, 
one for blood pressure determination and the other 
for rapid phlebotomy. A catheter was placed in a jug- 
ular vein for infusion of SNP (100 ug/ml). A pulmo- 
nary arterial catheter was placed via the other jugular 
vein for measurement of body temperature and car- 
diac output. : 

Once the preparation was complete, the controller 
was started and instructed to reduce the mean pres- 
sure by 30 mm Hg. This hypotension was maintained 
for 1 hr to test the long-term stability of the controller. 
Then the SNP infusion was stopped, allowing the 
blood pressure to increase. The controller was started 
a second time. When blood pressure was again stable 
30 mm Hg below control pressure, a bolus of epi- 
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Figure 3. Error as measured in 10 dogs during 1 hr of computer- 
controlled hypotension (mean + SD). 


nephrine (1 ug/kg) was given. Fifteen minutes later, 
a bolus of SNP was given; the bolus equaled the SNP 
infused during the previous 5 min. After 15 min, the 
continuous SNP infusion was stopped again and blood 
pressure again returned to control levels. The con- 
troller was started a third time. When pressure was 
stable, 500 ml of blood was removed over a 15 min 
period. 

Means and standard deviations were calculated for 
all sample values. Other statistical methods included 
paired t-tests and Hotelling TSQUARE analysis. Al- 
pha was set at 0.05. 


Results 


Figure 2 shows the average difference or error be- 
tween the desired blood pressure and the measured 
blood pressure for all dogs during the third “on” re- 
sponse. The other two responses were similar. Av- 
eraging all “on” responses, the blood pressure came 
to within 5 mm Hg of the desired pressure in 1.7 + 
0.4 min (mean + SD). The pressure then continued 
to decrease reaching a level 8.9 + 10.5 mm Hg below 
the desired value. By 3.4 + 0.3 min after starting, 
pressures remained within + 5mm Hg of the desired 
value. 

During the hour of hypotension (Fig. 3), no sig- 
nificant variation of the actual pressure from the de- 
sired pressure occurred (Hotelling TSQUARE). Over 
this: period the SNP infusion rate increased from 
48 + 10 to 112 + 108 mbhr (Fig. 4). 

Figure 5 shows the response to the bolus of epi- 
nephrine. The pressure increased an average of 
44.3 + 19.28 mm Hg above and then decreased 10.3 
+ 6.5 mm Hg below the desired pressure. The con- 
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Figure 4. SNP infusion rate providing the result in Fig. 3 
(mean + SD). 
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Figure 5. Error caused by epinephrine bolus (mean + SD). 


troller returned the pressure to within 5 mm Hg of 
the desired pressure in 4.3 + 2.6 min. 

In response to the SNP bolus (Fig. 6), the controller 
stopped the infusion of nitroprusside almost imme- 
diately. The pressure decreased an average of 27.5 + 
6.1 mm Hg below then increased 14.1 + 6.3 mm Hg 
above the desired pressure. A mean of 5.5 + 2.1 min 
was required for the controller to return the pressure 
to within + 5 mm Hg of the desired pressure. 

During bleeding the pressure remained within 5 
mm Hg of the desired pressure (Fig. 7) while the 
infusion rate fell from a mean 92 ml/hr to a mean of 
20 ml/hr (Fig. 8). The controller maintained stability 
throughout each challenge. 


Discussion 


Ideally one would like a system to produce hypoten- 
sion in 2-3 min and to keep mean arterial blood pres- 
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Figure 6. Error caused by SNP bolus (mean + SD). 
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Figure 7. Error during bleeding 500 ml of blood was removed dur- 
ing the first 15 min (mean = SD). 


sure within 5 mm Hg of the desired pressure there- 
after. Control should be achieved regardless of the 
patient's sensitivity to SNP. Control should also be 
maintained during sympathetic stimulation or hy- 
povolemia. Our study protocol was designed to eval- 
uate an adaptive controller, to measure its transient 
response, to test its ability to compensate for varying 
drug sensitivity, and to test its ability to maintain 
stability during challenges. 

Our controller reduced blood pressure and kept it 
within 5 mm Hg of the desired level after 3.4 + 0.3 
min. Other adaptive controllers have shown similar 
transient response, but have required a learning or 
adaptation period before control began (11,12,14). Our 
parallel combination of PD control and minimum var- 
iance control seems to provide a good solution: a con- 
troller that can control without first learning. The PD 
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Figure 8. SNP infusion during bleeding (mean + Sp). 


terms directed the blood pressure toward the desired 
level until the minimum variance controller calculated 
the specific control parameters for the animal. In steady 
state, the PD terms have little effect and the minimum 
variance algorithm provides control. | 

Control was achieved in ten dogs with very dif- 
ferent sensitivities to SNP. After 1 hr of SNP infusion, 
the rate of SNP infusion required to maintain a 30 
mm Hg reduction in pressure averaged 112 ml/hr with 
a standard deviation of 108 ml/hr. Adaptive control 
met the challenge of large differences in sensitivity 
and maintained the desired pressure. 

Under clinical conditions a microprocessor SNP 
controller would eliminate the tedious task of man- 
ually maintaining blood pressure by frequently ad- 
justing the SNP infusion rate. However, before our 
controller is ready for use in operating rooms or in- 
tensive care units, safeguards need to be included to 
ensure the integrity of the blood pressure signal. 
Though the control algorithm seems capable of han- 
dling differences in SNP sensitivity and catastrophic 
challenges in dogs, it needs a similar evaluation in 
humans. 
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The Effects of Isoflurane and Isoflurane—Nitrous Oxide Anesthesia 
on Brainstem Auditory Evoked Potentials in Humans 
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Monitoring of brainstem auditory evoked potentials (BAEP) 
during neurological surgery can provide useful information. 
However, in order to interpret intreoperatrve BAEP changes, 
it is necessary to delineate the influence of anesthesia, in- 
cluding inhalation agents. In this study, we examined the 
influence of isoflurane and isoflurane—nitrous oxide anes- 
thesia on BAEP in ten healthy volunteers during normo- 
thermic, normocapnic, and normotensive conditions. Isoflu- 


During operative procedures in the posterior fossa it 
is desirable to be able to monitor brainstem function 
because manipulation and retraction of the brainstem 
may cause ischemia, infarction, or both. Brainstem 
auditory evoked potentials (BAEP) are the electro- 
physiological responses generated in the auditory 
pathway in the brainstem in response to acoustic stim- 
ulation. A characteristic wave form consisting of seven 
individual peaks can be identified, and the purported 
neurogenerators are peak I, the acoustic nerve; peak 
II, cochlear nucleus; peak HI, the superior olive; peak 
IV, lateral lemniscus; peak V, inferior colliculus; peak 
VI, medial geniculate; and peak VII, thalamocortical 
radiations (1). A simpler interpretation is to consider 
peaks I and II as originating from the peripheral por- 
tion of the auditory nerve, peak III from the pons, 
peaks IV and V from the midbrain, and peaks VI and 
VII as cortical components. As a noninvasive method 
of monitoring the integrity of the auditory nerve path- 
way through the brainstem, continual recording of 
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rane significantly increased the latencies of peaks Ill, IV, 
and V at all end-tidal concentrations studied (1.0%, 1.5%, 
and 2.0%). Addition of 50% nitrous oxide did not influence 
these findings. The increase in latencies with isoflurane 
anesthesia, however, was nonlinear and appeared to plateau 
after 1.5%. We suggest that during isoflurane anesthesia, 
an intraoperative increase in peak V latency beyond 1.0 
msec is best explained by factors other than direct effects of 
isoflurane. 


Key Words: ANESTHETICS, voLaTiLe—isoflurane. 
ANESTHETICS, Gases—nitrous oxide. BRAIN— 
evoked potentials. 


BAEP has been found to be useful as an intraoperative 
monitor during certain neurosurgical procedures (1-3). 
However, the importance of maintaining stable an- 
esthetic conditions to allow accurate recording cannot 
be overemphasized, because different anesthetic agents 
may have different influences on BAEP in man. En- 
flurane increases the latencies of the different peaks 
(4), while halothane and barbiturates have no influ- 
ence on BAEP in humans (5,6). The influence of iso- 
flurane on BAEP has not been studied in normal sub- 
jects under controlled conditions. The purpose of this 
study was to investigate the influence of isoflurane 
and isoflurane—nitrous oxide anesthesia on BAEP in 
a dose-related manner. 


Methods 


The study was approved by the Health Sciences 
Standing Committee on Human Research of the Uni- 
versity of Western Ontario. Informed consent was 
obtained from each subject. We studied ten young 
healthy subjects of ASA physical status I, mean age ~ 
28 yr, admitted for minor elective surgery. The study 
was conducted prior to any surgical manipulation in 
a quiet, comfortable environment. 

BAEP were recorded in a standardized manner in 
all subjects using a Nicolet CA 1000 averager. The 
evoked potentials were recorded from the vertex (CZ) 
in reference to the ipsilateral ear lobe using the con- 
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Table 1. BAEP Latencies (msec + sp) with Isoflurane Alone 


End-tidal 
isoflurane 
concentration I H mI 
0% (awake) (n = 10) 2.10 + 0.15 3.26 + 0.11 4.27 + 0.13 
1% {n = 8) 2.27 £014 3.37201 4.55 + 0.18 
1.5% (n = 9) 2.22 + 0.20 3.41 + 0.18" 4.59 + 0.20” 
2.0% (n = 8) 2.33 + 0.21" 3.39 + 0.18 4.59 + 0.18° 
"Number of subjects is n — 1 because one subject did not have peak IV. 


‘Significantly different from awake values, P < 0.05. 


tralateral ear lobe as ground (A1 and A2 according to 
the International 10-20 electrode system). Silver/silver 
chloride electrodes were attached with collodion. 
Impedance was maintained at less than 3000 Q. Dis- 
posable ear inserts were used to deliver the auditory 
stimulus (this causes a delay of 0.5 msec in latency of 
all peaks when compared to data obtained using ear 
insert transducers). The subject’s threshold hearing 
level for each ear was determined prior to the study. 
Ipsilateral monaural alternating clicks at 60 dB above 
threshold, with contralateral masking of 30 dB below 
the stimulating intensity, were delivered at a rate of 
21.1 Hz. Sensitivity was set at 10 uV and bandpass 
filter from 150--1500 Hz. At least 1000 sweeps of 10- 
msec duration were averaged. 

BAEP were recorded in the following settings: awake 
control; end-tidal isoflurane concentration 1.0%; 1.5%; 
and 2.0%. To assess the influence of nitrous oxide, 
evoked potentials were also recorded with the addi- 
tion of 50% nitrous oxide at the same isoflurane con- 
centrations as listed. Because of the time constraint, 
we were unable to record BAEP at all anesthetic con- 
centrations in every subject. However, a minimum of 
seven subjects was studied in each level of anes- 
thesia. In addition, to eliminate the potential influ- 
ence of time and minor temperature change, the order 
of the anesthetic end-tidal concentrations, with and 
without nitrous oxide, was randomized. 

Anesthesia was induced with 5 mg-kg~' sodium 
thiopental, and 1 mg-kg~* succinylcholine was ad- 
ministered to facilitate endotracheal intubation. Anes- 
thesia was maintained with isoflurane and 100% ox- 
ygen or with isoflurane in 50% nitrous oxide and 50% 
oxygen as outlined above. End-tidal CO, level was 
maintained between 34-38 mm Hg using mechanical 
ventilation. ECG, blood pressure, and temperature 
were continuously monitored using a standard 
electrocardiographic monitor, automatic blood pres- 
sure cuff (Dinamap), and a nasopharyngeal probe, 
respectively. Temperature was maintained within 1°C 
of preoperative values using a thermal blanket and 
warm intravenous infusion. Blood pressure was 
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Peak latencies 


IV V I-V H-V 
5.54 + 0.16" 6.08 + 0.18 3.99 + 0.29 1.81 + 0.15 
6.07 + 0.27% 6.68 + 0.24" 4.41 + 0.28} 2.13 + 0.11% 
6.25 + 0.16% 6.78 + 0.22" 4.56 + 0.32? 2.20 + 0.13" 
6.11 + 0.12%" 6.78 + 0.27" 4.55 + 0.33" 2.19 + 0.12 


maintained at no less than 75% of preanesthetic value 
with intravenous infusion of Ringer's lactate solution. 
End-tidal CO, nitrous oxide, and isoflurane concen- 
trations were monitored continuously using a mass 
spectrometer (Perkin-Elmer 1100). Each anesthetic end- 
tidal concentration was maintained for at least 15 min 
prior to recording BAEP. Duplicate tracings were re- 
corded and stored on a computer disk for subsequent 
analysis. 

For analysis of data, latencies and amplitudes of 
the first five peaks as well as interpeak latencies of 
I-V and II-V were measured and used for compar- 
ison purposes. One-way analysis of variance was uti- 
lized to compare the anesthetic states to the awake 
control state and two-way analysis of variance for the 
influence of nitrous oxide. Where indicated, Dun- 
nett’s test was used to detect any difference from 
awake control. Multiple comparison procedures 
(Scheffe’s test) were used for comparisons between 
different anesthetic states. A P value of less than 0.05 
was considered statistically significant. 


Results 


BAEP were successfully recorded in a reproducible 
manner in all subjects, and there were no complica- 
tions. Temperature did not increase in any subject, 
never decreased below 35°C, and in eight out of ten 
subjects studied, temperature during anesthesia was 
unchanged from or within 0.5°C of awake values. The 
latencies of the first five peaks and the interpeak la- 
tencies during isoflurane anesthesia are shown in Ta- 
ble 1. The influence of nitrous oxide is shown in Table 
2. A typical tracing from one subject showing the 
influence of isoflurane anesthesia on the BAEP is shown 
in Figure 1. Isoflurane increased the latencies of peaks 
Ill, IV, and V significantly above awake control levels 
at all levels of anesthesia. The addition of nitrous 
oxide did not influence these findings. 

Changes in BAEP were not affected by increasing 
the depth of anesthesia. The increase in latencies oc- 
curred at 1.0% end-tidal isoflurane and no further 
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Table 2. BAEP Latencies (msec + sp) with Isoflurane plus 50% N,O 


End-tidal 
isoflurane 
concentration I II un] 
0% (awake) (n = 10) 2.10 + 0.15 3.26 + 0.11 4.27 + 0.13 
1.0% (n = 9) 2.19 + 0.17 3.41 + 0.16° 4.56 + 0.18° 
1.5% (n = 8) 2.20 + 0.18 3.44 + 0.12 4.54 + 0.16° 
2.0% (n = 7) 2.13- 0.27 3.36 + 0.12 4.52 + 0.12” 


‘Number of subjects is n — 1 because one subject did not have peak IV. 
‘Significantly different from awake values, P < 0.05. 


increase was noted after 1.5%. Similar changes were 
noted for the interpeak latencies. Again, the addition 
of 50% nitrous oxide did not influence these findings. 
No consistent change in amplitude was observed. 


Discussion 


Changes in BAEP have been shown to occur during 
posterior fossa surgery and may be of value in mon- 
itoring brainstem function and integrity of the eighth 
nerve during such neurological procedures (1-3). Many 
variables can influence the recording and interpre- 
tation of these evoked potentials. Hypothermia may 
result in prolongation of the latency and temperature 
must therefore be carefully controlled and maintained 
during anesthesia (7). Latency also increases with age 
(8), and fluctuation in CO; tension has been reported 
to influence the recording of BAEP (1). Preexisting 
pathology of the auditory system obviously influences 
BAEP (9,10). The influence of anesthetic agents does 
not appear to be uniform. Therefore, to allow accurate 
interpretation of intraoperative changes in BAEP, it 
is important to delineate the influence of the anes- 
thetic agent being used. Intravenous agents, in par- 
ticular the barbiturates, are said not to influence BAEP 
even in the presence of therapeutic barbiturate coma 
(11). The influence of inhalation anesthetics, how- 
ever, are not as well defined. Duncan et al. reported 
that halothane did not influence BAEP in children, 
but in their study there were no control awake re- 
cordings for comparison (5). A small increase in la- 
tencies with the induction of halothane anesthesia, 
therefore, cannot be ruled out, and indeed, James et 
al. reported a graded increase in latencies of BAEP 
with halothane in adults (12). Similarly, Dubois et al. 
found that enflurane significantly increased the la- 
tencies of peaks III, IV, and V as well as the interpeak 
latency I-V (4). Similar results have also been reported 
by Thornton et al. (13). Stockard et al. recorded BAEP 
during isoflurane anesthesia, but the influence of iso- 
flurane itself was not delineated (6). We therefore 
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Peak latencies 
IV V I-V HI—Y 
5.54 + 0.16" 6.08 + 0.18 3.99 + 0.29 1.81 + 0.15 
6.06 + 0.297%" 6.68 + 0.27" 4.44 + 0.33" 2.13 + 0.16 
6.08 + 0.36%" 6.67 + 0.23 4.47 + 0.34" 2.13 + 0.16° 
6.10 + 0.37%" 6.74 + 0.24" 4.61 + 0.399 2,22 + 0.13" 


decided to clarify the influence of isoflurane on BAEP 
in ten normal healthy subjects. 

Our stimulating and recording methods were es- 
pecially chosen to duplicate clinical situations in which 
rapid repetitive recording and analysis are required. 
Accordingly, a rate of 21.1 Hz was chosen and 1000 
sweeps were averaged. This allows the completion of 
a recording within 1 min without compromising the 
quality of the recording as demonstrated by the re- 
producibility of recordings in every subject. 

In our study, we maintained temperature at close 
to preanesthetic levels by using a thermal blanket as 
well as warmed intravenous infusion. To further min- 
imize the potential influence of even minor change in 
temperature, we randomized the sequence of our study 
so that change due to temperature, which would tend 
to occur towards the end of the study, would not 
result in any time-related bias. Moreover, changes in 
temperature of 0.5°C have negligible effects on laten- 
cies of BAEP (14). CO, tension was maintained within 
a very narrow range and monitored closely with the 
mass spectrometer. All subjects studied were young 
and healthy with no history of any hearing deficit or 
neurological disease and all had normal hearing 
thresholds. Isoflurane anesthesia is associated with a 
reduction in blood pressure, particularly at high con- 
centrations. To minimize the influence of hypotension 
on the recording of BAEP, an average of 2500 ml of 
Ringer’s lactate solution was administered to each 
subject to maintain blood pressure within 75% of pre- 
anesthetic value, and in most cases it was within 80%. 

In this study we have demonstrated that the effects 
of isoflurane on BAEP are well defined. The first five 
peaks were stable and reproducible at each level of 
isoflurane anesthesia studied. Peaks VI and VII rep- 
resent cortical responses that can be abolished by non- 
specific CNS depressants such as gluthethimide (8,15), 
and so the latencies of these peaks were not studied 
in this investigation. At least 15 min of steady end- 
tidal isoflurane concentration were allowed for equil- 
ibration to occur so that a stable brain anesthetic con- 
centration would be achieved. A signficant increase 
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Figure 1. Influence of isoflurane alone on BAEP ina typical subject. 
Latency of peaks III and IV-V increased at 1.0%, but plateaued 
with increasing anesthetic depth. 


in latencies of peaks I, IV, and V above control awake 
values occurred at 1.0% end-tidal isoflurane. A slight 
but nonsignificant increase in latencies was noted from 
1.0 to 1.5%, but thereafter there was no further in- 
crease in latencies. Thus the influence of isoflurane 
is self-limiting and there is a plateau effect. This is of 
clinical importance because deep isoflurane anes- 
thesia has been utilized as a hypotensive agent during 
neurological anesthesia (16). Delineation of the effect 
of isoflurane on BAEP allows monitoring of BAEP 
even during deep isoflurane anesthesia, thereby per- 
mitting differentiation between the effects of isoflu- 
rane and the effects of potential ischemia. Moreover, 
the addition of 50% nitrous oxide had no effect on 
BAEP during isoflurane anesthesia. This is consistent 
with previous reports by Rosenblum et al. who re- 
ported no change in latency with the addition of 70% 
nitrous oxide to enflurane anesthesia in normal pa- 
tients (17). However, in patients with certain forms 
of peripheral hearing impairment, the absolute laten- 
cies of BAEP may be increased by the presence of 
nitrous oxide. This probably occurs as the result of 
diffusion of nitrous oxide causing an increase in mid- 
dle ear pressure (17). 
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The M-V interpeak latency can be defined as the 
brainstem conduction time. Therefore changes in I-V 
interpeak latency may be more representative of path- 
ological change than changes in individual peak la- 
tencies. The II-V interpeak latency is also relatively 
independent of variables such as hearing impairment 
and stimulus intensity and rate (18). Both isoflurane 
and isoflurane—nitrous oxide anesthesia caused sim- 
ilar significant increases in I-V and II-V interpeak 
latencies. The plateau effect observed with latencies 
of individual peaks was also seen with interpeak la- 
tencies with, again, no further increases beyond 1.0% 
end-tidal isoflurane. The increase in I-V interpeak 
latencies suggests a nonlinear slowing of brainstem 
conduction with increasing depth of anesthesia. 

Analysis of the peak-to-trough amplitudes of the 
individual peaks showed no consistent or significant 
change with isoflurane or isoflurane—nitrous oxide 
anesthesia. This suggests that analysis of peak am- 
plitudes during isoflurane anesthesia may not be use- 
ful unless the peaks are abolished. 

Although the influence of isoflurane on BAEP is 
well-defined in the present study, the mechanism 
whereby isoflurane alters BAEP is far from clear. Sim- 
ilar effects have been reported with enflurane and it 
has been postulated that they are related to an epi- 
leptiform effect interfering with brainstem conduction 
(4). However, this is an unlikely explanation, because 
the origin of the epileptic focus is more cortical than 
subcortical or at the brainstem level. Isoflurane, un- 
like enflurane, causes no seizure-like activity on EEG 
recordings in humans, but we have demonstrated that 
the effects of isoflurane on BAEP are similar to those 
reported for enflurane. It is likely that the effect of 
these two anesthetics represents a nonspecific influ- 
ence of the anesthetics on central conduction as dem- 
onstrated by the increase in the II-V interpeak la- 
tency. That a plateau effect occurs is not a surprising 
physiological phenomenon because a similar analogy 
can be seen in the influence of isoflurane on cerebral 
metabolic rate (19), which is also nonlinear. 

Delineation of the influence of isoflurane on BAEP 
allows accurate interpretation of intraoperative changes 
during isoflurane and isoflurane—nitrous oxide anes- 
thesia. Because peak V is the most readily identifiable 
peak and the influence of isoflurane anesthesia on 
peak V is well-defined, we have attempted to develop 
a criterion for the interpretation of intraoperative 
changes based on peak V latency. Accordingly, we 
computed the 95% confidence limits for increases in 
peak V latency due to the influence of isoflurane anes- 
thesia. Because of the plateau effect, we used the 
increase at 2.0% isoflurane as the basis for our com- 
putation. Using this criterion, any prolongation of 
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peak V latency beyond 1 msec from awake control 
(upper limit of 95% confidence interval) would have 
to be explained by factors other than a direct effect of 
isoflurane. Such factors may include the effect of re- 
tractors, hypotension, or ischemia to the brainstem. 
With careful monitoring and interpretation of BAEP, 
the risk of damage from these manipulations during 
posterior fossa surgery may be minimized. 


The authors wish to thank Mrs. L. Nolan and Mrs. D. Hall for 
secretarial assistance, Ms. J. Clement for statistical assistance, and 
Dr. P. Fowler for permission to study his patients. 


References 


1. Grundy BL, Jannetta PJ, Procopio PT, Lina A, Boston JR, Doyle 
E. Intraoperative monitoring of brain-stem auditory evoked 
potentials. J Neurosurg 1982;57:674-81. 


2. Hashimoto I, Ishiyama Y, Totsuka G, Mizutani H. Monitoring 
brainstem function during posterior fossa su-gery with brain- 
stem auditory evoked potentials. In: Barber C, ed. Evoked po- 
tentials. Lancaster, England: MTP Press 1980:377~90. 


3. Raudzens PA, Shetter AG. Intraoperative monitoring of brain- 
stem auditory evoked potentials. J Neurosurg 1982;57:341-8. 
4, Dubois MY, Sato S, Chassy J, Macnamara TE. Effects of en- 


flurane on brainstem auditory evoked respanses in humans. 
Anesth Analg 1982;61:898~-902. 


5. Duncan PG, Sanders RA, McCullough DW. Preservation of 
auditory-evoked brainstem responses in ar.aesthetized chil- 
dren. Can Anaesth Soc J 1979;26:492-5. 


6. Stockard JJ, Rossiter VS, Jones TA, Sharbrouzh FW. Effects of 
centrally acting drugs on brain-stem auditory responses. Elec- 
troencephalogr Clin Neurophysiol 1977;43:550-1. 

7. Stockard JJ, Sharbrough FW, Tinker JA. Effects of hypothermia 


on the human brainstem auditory response. Ann Neurol 
1978;3:368-70. 


10. 


1i. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


ANESTH ANALG 47 
1985;64:43-7 


. Stockard JJ, Stockard JE, Sharbrough FW. Nonpathologic fac- 


tors influencing brainstem auditory evoked potentials. Am J 
EEG Technol 1978;18:177-209. 


. Stockard JJ, Rossiter VS. Clinical and pathologic correlates of 


brain stem auditory response abnormalities. 
1977;27:316-25. 


Galambos R, Hecox K. Auditory brain stem and! cerebral EPs 
in Man. Neurophysiology and clinical uses. In: Desmedt JE, 
ed. Auditory evoked potentials in man. Psychopharmacology 
correlates of EPs. Prog Clin Neurophysiol 1977;2:1-19. 


Newlon PG, Greenberg RP, Enas GG, Becker DP. Effects of 
therapeutic pentobarbital coma on multimodality evoked po- 
tentials recorded from severely head-injured patients. Neu- 
rosurgery 1983;12:613-9. 


James FM, Thornton C, Janes JG. Halothane anaesthesia changes 
the early components of the auditory evoked response in man. 
Br J Anaesth 1982;54:787P. 


Thornton C, Catley DM, Jordan C, Lehane JR, Royston D, Jones 
JG. Enflurane anaesthesia causes graded changes in the brain- 


stem and early cortical auditory evoked response in man. Br J 
Anaesth 1983;55:479-85. 


Kaga K, Takiguchi Y, Myokai, Shiode A. Effects of deep hy- 
pothermia and circulatory arrest on the auditory brain stem 
responses. Arch Otorhinolaryngol 1979;225:199-205. 


Stockard JJ, Sharbrough FW. Unique contributions of short- 
latency auditory and somatosensory evoked potentials to neu- 
rologic diagnosis. In: Desmedt JE, ed. Clinical uses of cerebral, 
brainstem and spinal somatosensory evoked potentials. Prog 
Clin Neurophysiol; vol 7. Basel: Karger, 1980:231-63. 


Lam AM, Gelb AW. Cardiovascular effects of isoflurane- 
induced hypotension for cerebral aneurysm surgery. Anesth 
Analg 1983;62:742-8. 


Rosenblum SM, Gal TJ, Ruth RA. Brainstem auditory evoked 
potentials during enflurane and nitrous oxide anesthesia in 
man. Anesthesiology 1982;57:A159. 


Stockard JE, Stockard JJ, Westmoreland BF, Corfits JL. Brain- 
stem auditory-evoked responses. Arch Neurol 1979;36:823-31. 


Newberg LA, Milde JH, Michenfelder JD. The cerebral meta- 
bolic effects of isoflurane at and above concentrations that sup- 
press cortical electrical activity. Anesthesiology 1983;59:23-8. 


Neurology 


[$ 


48 ANESTH ANALG 
1985;64:48-53 


Anesthetic Induction with Fentanyl 


Peter L. Bailey, MD, Johan Wilbrink, Bs, Prisca Zwanikken, BS, Nathan L. Pace, MD, and 


Theodore H. Stanley, MD 


BAILEY PL, WILBRINK J, ZWANIKKEN P, PACE NL, 
STANLEY TH. Anesthestic induction with fentanyl. 
Anesth Analg 1985;64:48-53. 


The efficacy of fentanyl, 30 pg/kg, was evaluated as an 
anesthetic induction agent in 72 ASA I-III patients sched- 
uled for 2-4-hr operations. The effect of preinduction pre- 
treatment with pancuronium and/or diazepam and the in- 
cidence of loss of consciousness (anesthesia), recall, rigidity, 
abnormal muscle movements, and hemodynamic changes 
were documented. Seventy-four percent of all patients be- 
came anesthetized. Diazepam pretreatment enhanced but did 
not ensure success of anesthetic induction, There was a 
significant correlation between age and the incidence of un- 
consciousness (P = 0.0287) and all patients over 60 yr old 
were anesthetized with 30 g/kg of fentanyl. The incidence 
and severity of rigidity was reduced by pancuronium (P = 
0.0002) but not by diazepam pretreatment. However, pan- 
curonium plus diazepam produced a significant reduction 
in the incidence of rigidity when compared to pancuronium 
alone (P = 0.031). A significant positive correlation be- 


Induction of anesthesia with high doses of fentanyl 
(25-50 g/kg) and oxygen in patients with cardiovas- 
cular disease has been reported to result in a rapid 
loss of consciousness with little or no hemodynamic 
alterations, even after laryngoscopy and trachea] in- 
tubation (1-6). Although large doses of fentanyl often 
produce chest wall rigidity during anesthetic induc- 
tion, may not ensure complete amnesia during op- 
eration, and frequently necessitate postoperative me- 
chanical respiratory support, these drawbacks have 
generally been considered small in comparison to the 
advantages of fentanyl as an induction agent or com- 
plete anesthetic in patients with little cardiovascular 
reserve. The place, if any, of fentanyl as an induction 
agent in patients about to undergo 2-4-hr, noncar- 
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tween age and the incidence of rigidity (P = 0.003) was 
found. Six patients had focal and one patient global 
tonic-clonic abnormal muscle movements. Diazepam but 
not pancuronium significantly decreased both heart rate 
(P = 0.05) and blood pressure (P = 0.04). Seventeen 
patients required reversal of narcotic effect to restore ade- 
quate spontaneous respiration after surgery. No patient re- 
quired postoperative mechanical ventilatory assistance. The 
results of this study demonstrate that 30 wg/ke of fentanyl 
is not a reliable anesthetic induction dose in patients less 
than 60 yr old. Both age and premedication enhance the 
anesthetic capabilities of induction with fentanyl. However, 
increasing age is associated with an increased incidence of 
rigidity and diazepam pretreatment may compromise hemo- 
dynamic stability. Significant postoperative respiratory 
depression can occur with 30 jg/kg of fentanyl used for 
induction of anesthesia in operations lasting 2—4 hr. 


Key Words: ANESTHETICS, 
tanyl. INDUCTION—anesthesia. 


INTRAVENOUS——fen- 


diac or nonneurologic operations in which subse- 
quent spontaneous ventilation is considered desira- 
ble, has not been determined. Therefore, the objective 
of this study was to evaluate fentanyl as an induction 
agent in patients scheduled for elective general, or- 
thopedic, or gynecologic operations of Jess than 4-hr 
duration. The evaluation was conducted with partic- 
ular attention to the incidence of rigidity and other 
abnormal muscle movements, and the incidence of 
incomplete amnesia after anesthetic induction. Ad- 
ditional observations included the effects of prein- 
duction administration of pancuronium and/or diaze- 
pam on rigidity, amnesia, arterial blood pressure, and 
heart rate during and immediately after anesthetic 
induction and tracheal intubation, and the need for 
postoperative mechanical respiratory assistance after 
operation. 


Methods 


The study was approved by the Human Ethics Com- 
mittee of the University of Utah Hospital and Medical 
School. Informed written consent was obtained from 
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each patient at the time of the preoperative visit. 
Seventy-two patients between the ages of 18 and 75 
served as the experimental subjects. All patients were 
ASA class I-III and were scheduled for operations 
lasting at least 2 but not more than 4 hr. No premed- 
ication was given. Upon the patient’s arrival in the 
operating room, an intravenous catheter was inserted 
in a peripheral vein, a standard lead II electrocardio- 
gram was continuously recorded, and a blood pres- 
sure cuff was placed on an upper arm for automatic 
oscillometric blood pressure measurement. After this, 
patients were given glycopyrrolate (0.2 mg intrave- 
nously) and allowed to breathe 100% oxygen for 3 
min. 

Patients were randomly assigned to one of four 
groups for anesthetic induction before the preoper- 
ative visit by a random number generator. Patients in 
group I received saline (1 ml) while those in groups 
II, II, and IV were given diazepam (0.15 mg/kg), pan- 
curonium (0.022 mg/kg), and both diazepam (0.15 
mg/kg) and pancuronium (0.022 mg/kg), respectively. 
Pretreatment medications were given intravenously 
either 3 min (saline or pancuronium) or 5 min (di- 
azepam) before induction with fentaryl. After this, 
fentanyl was administered at a rate of 6 wg/kg per 
min for 5 min. 

During infusion of fentanyl, responsiveness to ver- 
bal commands was evaluated every 15 sec. Patients 
were considered unconscious when there was no re- 
sponse to three consecutive commands over a 45-sec 
interval. If consciousness was not lost after 30 ug/kg 
fentanyl, 50-75 mg of thiopental was administered 
intravenously. When absence of response to com- 
mands was ensured, the patient was paralyzed with 
succinylcholine (1.5 mg/kg intravenously) and an en- 
dotracheal tube placed in the trachea. 

Chest wall rigidity was evaluated during anesthetic 
induction and before paralysis with succinylcholine 
by the following scoring system: 0, no rigidity (no 
difficulty with ventilation during manual positive- 
pressure ventilation and no clinical evidence of ab- 
dominal wall rigidity [palpation] or upper extremity 
stiffness [manual flexion of the elbow]); 1, mild rigid- 
ity (no difficulty with ventilation but some extremity 
or abdominal wall stiffness); 2, moderate rigidity (some 
difficulty with ventilation and/or tke presence of 
marked extremity or abdominal wall stiffness); 3, se- 
vere rigidity (virtually impossible to ventilate with or 
without extremity and abdominal wall stiffness). 
Muscle movements that appeared to be of a tonic-clonic 
nature rather than simply joint or muscle stiffness 
were noted and categorized separately as “abnormal 
muscle movements.” Severe, class 3, rigidity was 
treated with succinylcholine (1.5 mg/kg intrave- 
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nously) as soon as it occurred while the fentanyl in- 
fusion continued. If rigidity did not occur during an- 
esthetic induction, paralysis with succinylcholine and 
endotracheal intubation was achieved 7 min after 
starting the fentanyl] infusion (2 min after the infusion 
was concluded). 

Systolic arterial blood pressure and heart rate were 
recorded immediately before pretreatment medica- 
tion, before beginning the fentanyl infusion, every 2 
min during fentanyl infusion, and 1 min after tracheal 
intubation. Anesthesia was then maintained with ni- 
trous oxide (40-60%) and/or isoflurane (0.25—2.0%) as 
needed to maintain systolic arterial blood pressure 
within 20% of preanesthetic values. 

During the operation, ventilation was controlled 
with respiratory rates of 8-14 breaths/min and tidal 
volumes of 7-12 ml/kg. Muscle relaxation: was main- 
tained with pancuronium as clinically indicated. No 
additional fentanyl, other opioid, or any other intra- 
venous sedative or hypnotic was given for the re- 
mainder of the operation. At the conclusion of the 
operation, patients who had received pancuronium 
were given atropine, 1.0 mg intravenously, and neo- 
stigmine, 2.5-5.0 mg intravenously (depending on 
thenar or facial muscle responses to train-of-four or 
tetanic stimulation). Then isoflurane and nitrous ox- 
ide were discontinued and the patients ventilated with 
100% oxygen for 5 min before mechanical ventilation 
was terminated. If, 5 min after termination of me- 
chanical ventilation, spontaneous ventilation was not 
greater than 6 breaths/min, patients were given na- 
loxone in 0.1-mg or nalbuphine in 2-mg increments 
every 2 min until the respiratory rate was greater than 
8 breaths/min. Patients were extubated when tidal 
volume exceeded 5 ml/kg, respiratory rate was at 
least 8 breaths/min, and all tetanic and train-of-four 
evidence of neuromuscular blockade had been 
antagonized. 

Patients were observed for a minimum of 150 min 
in the recovery room. Naloxone (0.1 mg intrave- 
nously) or nalbuphine (2 mg intravenously) was ad- 
ministered if respiratory rate decreased to less than 6 
breaths/min or the recovery room nurse observed ex- 
cessive sedation or renarcotization. The study was 
concluded when the patients were judged by the re- 
covery room nurse to be adequately recovered from 
anesthesia to be discharged to their rooms. Patients 
were interviewed 24—48 hr after the operation and 
questioned about recall of induction and operative 
events. 

A balanced 2 x 2 factorial design was used to eval- 
uate the effects of pancuronium and diazepam. Sta- 
tistical software came from the University of Califor- 
nia, Los Angeles (7). Data concerning rigidity and 
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Table 1. Unconsciousness as a Function of Age in 72 
Patients Given Fentanyl (30 g/kg) for Induction 
of Anesthesia 








Age Rendered unconscious 
18-30 57 % 
31-45 77 % 
46-60 53 % 

>60 100 % 





x? = 4.787; P = 0.0287. 


unconsciousness were analyzed by stepwise logistic 
regression analysis, two-way analysis of variance, x? 
analysis and the x? test for linear trends. Hemody- 
namic data were analyzed with repeated measures 
analysis via a multivariate analysis of covariance (with 
pentothal as the covariate). P values less than 0.05 
were considered statistically significant. 


Results 


There were no statistical differences among the four 
groups with regard to age, gender, surgical proce- 
dure, alcohol consumption, cigarette smoking, nar- 
cotic usage, or history of hypertension. Average pa- 
tient age was 45 + 16 yr and weight 76 kg + 23 kg. 


Loss of Consciousness and Awareness 


Seventy-four percent of all patients (groups I-IV) were 
rendered unconscious during or two min after infu- 
sion of 30 ug/kg of fentanyl. Pretreatment with di- 
azepam before fentanyl significantly increased the in- 
cidence of unconsciousness to 88% (y? = 7.093; 
P < 0.05). There was a statistically significant positive 
correlation between age and the incidence of uncon- 
sciousness after 30 ug/kg of fentanyl (Table 1). All 
patients over 60 yr old lost consciousness with 30 
g/kg of fentanyl whether or not they were pretreated 
with diazepam (19 patients were over 60 yr old and 
10 of these were pretreated with diazepam). 

No patient recalled anesthetic induction. Two of 
72 patients reported vague recollections of intraoper- 
ative events, but without specific recall of pain or 
conversation. Both of these patients had received di- 
azepam before anesthetic induction with fentanyl. 
Another patient remembered a wake-up test during 
instrumentation of the thoracic spine. 


Rigidity and Abnormal Muscle Movements 


The incidence of any rigidity (the sum of classes 1, 2, 
and 3 in Table 2) during induction with fentanyl was 
significantly reduced by pancuronium, from 86% to 
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Table 2. Incidence (%) Degrees of Rigidity after 30 ug/ke 
of Fentanyl in 72 Patients 





Degree of rigidity” 
Pretreatment drug Number of subjects 0 1 2 3 





Pancuronium 
No 37 14% 3% 32% 51% 
Yes 35 34% 6% 20% 20% 
Diazepam 
No 38 32% 8% 23% 37% 
Yes 34 35% 0% 30% 35% 


%0, no rigidity; 1, mild rigidity; 2, moderate rigidity; and 3, severe rigidity. 


46% (x? = 14.09; P = 0.0002), but not by diazepam 
(68% to 65%, x? = 0.07; P = 0.792). Pretreatment 
with pancuronium also significantly reduced the se- 
verity of rigidity when it occurred (Table 2). In con- 
trast, diazepam did not change the severity of rigidity. 
However, patients pretreated with diazepam and 
pancuronium (group IV) had the lowest incidence of 
rigidity (y* = 4.678; P = 0.031) (Table 3). The increase 
in rigidity seen with diazepam pretreatment (Table 
3), was not statistically significant. 

There was a high positive correlation (y? = 13.203; 
P = 0.003) between the incidence of severe rigidity 
and age (Table 4). Patients under 30 yr old had an 
incidence of severe rigidity less than 30%, whereas 
more than 80% of patients over 45 yr old experienced 
severe rigidity (sufficient to impair adequate venti- 
lation). The time to onset of severe rigidity did not 
differ among the four groups. The mean time of onset 
of rigidity was 5.04 + 0.23 min. Gender, history of 
narcotic or cigarette usage, and alcohol consumption 
did not affect the incidence of rigidity. Furthermore, 
the occurrence of rigidity did not significantly affect 
systolic blood pressures or heart rates when com- 
pared to nonrigid patients. 

seven of 72 patients exhibited abnormal muscle 
movements that were tonic-clonic in nature and 
therefore considered to be different than rigidity. 
Movements were focal (extremity or facial) in six of 
the seven patients. One patient exhibited tonic-clonic 
movements in all four extremities and the neck that 
resembled a grand mal convulsion. At least one pa- 
tient in each of the four pretreatment groups expe- 
rienced these abnormal muscle movements. 


Hemodynamics 


Patients having anesthesia induced with fentanyl alone 
(group I) or pretreated with pancuronium alone (group 
III) did not experience significant changes in systolic 
arterial blood pressure or heart rate during induction 
or immediately after tracheal intubation (Figure 1). In 
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Table 3. Incidence (%) of Fentanyl Induced Rigidity as a 
Function of Pretreatment in 72 Patients 





Group Diazepam Pancuronium Rigidity n 

I No No 60% (12/20) 
H Yes No 88% (15/17) 
HI No Yes 33% ( 6/18) 
IV Yes Yes 18% ( 3/17) 


Pancuronium: y? = 16.729; 2 = 0.000. 
Pancuronium/diazepam interaction: y? = 4.678; P = 0.031. 


contrast, patients receiving diazepam before anes- 
thetic induction (groups II and IV) had significant 
decreases in both heart rate and systolic arterial blood 
pressure (Figure 2). Controlling for a possible effect 
of thiopental did not change the results. 


Postoperative Recovery 


Length of operation in this study ranged from 90 to 
300 min and averaged 180 + 36 min. Seventeen of 
the 72 patients received naloxone (0.1-0.5 mg intra- 
venously) and 11 nalbuphine (2-10 mg intravenously) 
to antagonize narcotic-induced respiratory depres- 
sion at the conclusion of operation. All patients were 
extubated within 30 min of the conclusion of opera- 
tion and no patient required mechanical ventilatory 
assistance once in the recovery room. Two patients 
who had received naloxone showed signs of renar- 
cotization (apnea greater than 20 sec duration) in the 
recovery room. Both patients responded to verbal 
stimulation and one additional dose (0.2 mg) of na- 
loxone. Pretreatment with diazepam did not signifi- 
cantly affect the need for a narcotic antagonist. 


Discussion 


The results of this study demonstrate that 30 ug/kg 
of fentanyl does not reliably produce unconsciousness 
(anesthesia) or ensure amnesia in ASA class I-III pa- 
tients undergoing operations lasting 2—4 hr. The data 
also indicate that older patients, particularly those 
over 60 yr old, are more likely to be rendered uncon- 
scious with this dose of fentanyl but that they also 
experience a higher incidence of rigidity. Our findings 
suggest that preinduction administration of a small 
dose of pancuronium but not diazepam, reduces the 
incidence and magnitude of fentanyl-induced rigid- 
ity. Curiously, pretreatment with both pancuronium 
and diazepam results in the most impressive reduc- 
tion in rigidity. Finally, our hemodynamic data con- 
firm previous studies (1,8) documenting that admin- 
istration of diazepam immediately before or during 
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Table 4. Incidence (%) of Severe (Class 3) Rigiälity asa 
Function of Age in 72 Patients after 30 ng/kg of Fentanyl 





Age Rigid 
18-30 29% 
31-45 59% 
46-60 88% 

>60 84% | 


xX = 13.203; P = 0.0003 


administration of a large dose of fentanyl can produce 
significant decreases in arterial blood pressure and 
heart rate. 

The unreliability of fentanyl as an anesthetic in- 
duction agent, particularly in unpremedicated, rea- 
sonably healthy patients comes as no surprise to those 
who are skeptical of opioids as “anesthetics” (9). 
However, the influence of age as documented in this 
study and other reports by Berkowitz et al. (10) indi- 
cating that older patients sustain higher plasma con- 
centrations of opioids when compared to younger pa- 
tients, and a recent study documenting significantly 
higher fentanyl requirements for unconsciousness in 
patients with histories of smoking and alcohol and 
caffeine intake when compared to patients without 
these habits (11), suggest that the dose of ‘fentanyl or 
any opioid necessary for amnesia and/or complete 
anesthesia varies markedly from patient to patient. 
Although it is unclear why habits and age influence 
blood levels of and anesthetic requirements for fen- 
tanyl, a recent study by White and Shafer documents 
that the problem of predicting dosage requirements 
for fentanyl is not unique and applies to opioids in 
general (12). Indeed, these authors found three- to 
fivefold variations in anesthetic therapeutic serum levels 
for intravenous drugs of a variety of classes in young 
(22-25 yr old) women of similar weight and other 
demographic characteristics. 

Although one interpretation of the results of our 
study and those noted above could be that fentanyl, 
other opioids, and indeed many intravenous anal- 
gesics and anesthetics are unreliable as anesthetic in- 
duction and maintenance agents, another might be 
that predicting correct anesthetic doses of these com- 
pounds is difficult, and perhaps, considering all of 
the information currently available, an inappropriate 
approach. If this is true, then a more reasonable method 
of using fentanyl as an induction agent, even if di- 
azepam is part of the induction sequence, would be 
to give the drug until a desired effect is achieved 
(unconsciousness, nonresponsiveness to a verbal 
stimulus, etc.) rather than to give the drug at a fixed 
dosage, e.g., 30 ug/kg. 

The mechanism by which fentanyl and other opioids 
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Figure 1. Pancuronium pretreatment (groups HI and IV) before 
fentanyl (30 wg/kg) over 5 min did not cause significant changes 
in systolic blood pressures (F(1,67) = 2.24; P = 0.14) or heart rates 
(F(1,67) = 1.66; P = 0.20) when compared to no pancuronium 
pretreatment (groups I and II). 


produce rigidity in man is unknown. Likewise, meth- 
ods in which opioid induced rigidity can be atten- 
uated or eliminated have not, with the exception of 
the use of small or large doses of nondepolarizing 
relaxants (which prevent the final manifestation of 
rigidity rather than its causation), had extensive clin- 
ical evaluation. Nonetheless there are now numerous 
animal studies suggesting that opioids induce skeletal 
muscle rigidity by stimulating opioid receptors. In- 
trastriatal injections of morphine (into the head of the 
caudate nucleus) induce muscular rigidity in rats (13) 
and lesions of the striatum abolish the rigidity in- 
duced by systemic administration of morphine (14). 

In this study, we found an increasing incidence of 
rigidity with age. A possible explanation of this find- 
ing may be that higher serum (and thus brain) con- 
centrations occur after a given dose of fentanyl in 
older patients. Also, degenerative changes in the basal 
ganglia frequently lead to disorders of neuromuscular 
function (e.g., Parkinsonism) in which rigidity is a 
common clinical sign. Subclinical changes in function 
of basal ganglia may predispose older patients to an 
increased incidence of narcotic-induced rigidity. On 
the other hand, fentanyl is associated with both an 
increased incidence of unconsciousness and an in- 
creased incidence of rigidity in older patients. This 
suggests a possible association between rigidity and 
loss of consciousness. It is possible that rigidity may 
occur at a stage during a fentanyl (or narcotic) in- 
duction during which disinhibition in certain brain 
areas results in excitatory phenomena that become 
manifest as rigidity or abnormal muscle movements. 
Unfortunately, it is not possible to examine either of 
these hypotheses using our data. 

Although GABA agonists/antagonists applied to the 
substantia nigra can affect narcotic-induced rigidity 
(15), we did not observe a significant change in in- 
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Figure 2. Diazepam pretreatment (groups II and IV) before fentanyl 
(30 pg/kg) over 5 min caused significantly lower systolic blood 
pressures (F(1,67) = 4.37; P = 0.04) and heart rates (F(1,67) = 
3.95; P = 0.05) when compared to groups I and II] without diaze- 
pam pretreatment. 


with diazepam (a GABA receptor stimulator). Per- 
haps the amount of diazepam used in the present 
study was not large enough to produce a clinically 
significant GABA stimulatory effect when used alone. 
Why a combination of diazepam and pancuronium 
should produce a significant decrease in rigidity as 
compared with pancuronium alone is also unclear. 

Abnormal muscle movements associated with fen- 
tanyl induction of anesthesia are not rare and appear 
to be part of a spectrum of neuromuscular activity 
extending from mild rigidity to infrequent global 
tonic—clonic movements resembling a grand mal con- 
vulsion. Although some investigators report these 
events as convulsions or seizures (16,17), human 
studies fail to document electroencephalographic sei- 
zure activity (18,19). The absence of EEG seizure ac- 
tivity does not, however, rule out the possibility that 
fentanyl may result in subcortical seizure activity not 
obvious in surface electroencephalograms (20-22). 

Absence of significant changes in heart rate and 
systolic arterial blood pressure during anesthetic in- 
duction and tracheal intubation in patients pretreated 
with pancuronium as compared with patients receiv- 
ing no pretreatment is not unexpected considering 
the small dose of pancuronium employed. Our data 
do not support those who use pancuronium rather 
than dimethylcurare or d-tubocurare as a means 
for attentuation of rigidity because of the vagolytic 
qualities of pancuronium. Indeed, the data suggest 
that 1.5 mg of intravenous pancuronium produces 
little clinically significant cardiac vagolytic effects. 

A surprising finding of this study was the relatively 
low incidence of troublesome respiratory depression 
found 2—4 hr after 30 ng/kg of fentanyl. Although 40% 
(28 of 72) of the patients required naloxone or nal- 
buphine immediately after operation, only two of these 
patients required an additional dose of antagonist in 
the recovery room. That such a relatively high dose 
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of an opioid as potent as fentanyl would produce such 
an easily managed degree of respiratory depression 
is a pleasant surprise. On the other hand, while ap- 
parently benign, our results might be deceiving. Ar- 
terial and/or end tidal Pco, were not routinely mea- 
sured in the recovery room. In addition, the close 
observation and frequent interaction of the investi- 
gators and recovery room nurses with the study pa- 
tients may have partially antagonized fentanyl- 
induced respiratory depression that may have oth- 
erwise been greater if the patients had been left alone. 
In summary, 30 wg/kg of fentanyl did not reliably 
induce anesthesia in ASA I-III patients. Older pa- 
tients, however, were more likely to lose conscious- 
ness with this regimen, and all patients over 60 yr old 
lost consciousness. Increasing age was also positively 
correlated with an increased incidence of rigidity. The 
frequency and severity of fentanyl-induced rigidity 
was decreased by pretreatment with pancuronium but 
not diazepam. Diazepam plus fentanyl produced lower 
blood pressures and heart rates than fentanyl alone 
or fentanyl plus pancuronium. Postoperative respi- 
ratory depression was managed satisfactorily with small 
incremental doses of narcotic antagonist. 


The authors thank the recovery room nurses for their efforts and 
excellent patient care. 


References 


1. Stanley TH, Webster LR. Anesthetic requirements and cardio- 
vascular effects of fentanyl-oxygen and fentanyl diaze- 
pam—oxygen anesthesia in man. Anesth Analg 1978;57:411-6. 


2. Stanley TH, Philbin DM, Coggins CH. Fentanyl-oxygen an- 
aesthesia for coronary artery surgery: cardiovascular and an- 
tidiuretic hormone responses. Can Anaesth Soc J 1979;26:168-72. 

3. Lunn JK, Stanley TH, Eisele J, Webster L, Woodward A. High 
dose fentanyl anesthesia for coronary artery surgery: Plasma 


fentanyl concentration and influence of N20 on cardiovascular 
responses. Anesth Analg 1979;58:390-5. 


4. Zurick AM, Urzua J, Yared JP, Estafanous FG. Comparison of 
hemodynamic and hormonal effects of large single-dose fen- 
tanyl anesthesia and halothane/nitrous oxide anesthesia for 
coronary artery surgery. Anesth Analg 1982;61:521-6. 


5. Shupak RC, Harp JR, Stevenson-Smith W, Rossi D, Buchheit 


10. 


11. 


12: 


13. 


14. 


I5: 


16. 


ive 


18. 


19, 


20. 


21, 


22. 


ANESTH ANALG 53 
1985;64:48-53 | 


WA. High dose fentany] for neuroanesthesia. Anesthesiology 
1983;58:579-82. 


. Barash PG, Giles R, Marx P, Berger H, Zaret B» Intubation: is 


low dose fentany] really effective? Anesth Analg 1982;61:168-9. 


. BMDP Statistical Software, Department of Biomathematics, 


UCLA. Berkeley, CA: University of California Hress, 1981. 


. Tomicheck RC, Rosow CE, Philbin DM, Moss J, Teplick RS, 


Schneider RC. Diazepam-fentanyl interaction—~hemodynamic 
and hormonal effects in coronary artery surgery. Anesth Analg 
1983;62:881—4. | 


i 


. Wong KC. Narcotics ‘are not expected to produce unconscious- 


ness and amnesia. Anesth Analg 1983;62:625-6, 


Berkowitz BA, Ngai SH, Yang JC, Hempstead J, Spector S. The 
disposition of morphine in surgical patients. Clin Pharmacol 
Ther 1975;17:629--35. 


Stanley TH, de Lange S. The influence of patient habits on 
dosage requirements during high dose fentanyl anaesthesia. 
Can Anaesth Soc J 1984;31:368—76. 


White PF, Shafer A. comparative pharmacology of intravenous 
anesthetics—-a model for determining dosage requirements and 
therapeutic concentration ranges during surgery. Anesthe- 
siology 1983;59:A379. 


Havemann U, Winkler M, Kuschinsky K. Opioid receptors in 
the caudate nucleus can mediate EMG recorded rigidity i in rats. 
Naunyn Schmiedebergs Arch Pharmacol 1980;313:139—44. 


Havemann U, Winkler M, Gene E, Kuschinsky K. Effects of 
striatal lesions with trainic acid on morphine-induced catalonia 
and increase of striatal dopamine turnover. Naunyn Schmie- 
debergs Arch Pharmacol 1981;317:44—-50. 


Havemann U, Turski L, Schway M, Kuschinsky,K. On the role 
of GABAergic mechanisms in striatum and substantia nigra in 
mediating muscular rigidity. Naunyn Schmiedebergs Arch 
Pharmacol (abstract) 1983;322(suppl):373. 


Rao TLK, Mummaneni N, El-Etr AA. Convulsions: an unusual 
response to intravenous fentanyl administration. Anesth Analg 
1982;61:1020—1. 


Safwat AM, Daniel D. Grand mal seizure after fentanyl admin- 
istration. Anesthesiology 1983;59—78. | 


Sebel PS, Bovill JG, Wauquier A, Rog P. Effects of high-dose 
fentanyl anesthesia on the electroencephalogram. Anesthe- 
siology 1981;55:203-11. 


Murkin JM, Moldenhauer CC, Epstein CM, Hug CC jr. EEG 
responses during induction of anesthesia with. high dose fen- 
tany! anesthesia. Anesthesiology 1983;59:A315: 


Nicoll RA, Siggins GR, Long N, Bloom FE, Guillemen R. Neu- 
ronal actions of endorphins and enkephalins among brain re- 
gions. a comparative micro-iontophoretic study.,Proc Natl Acad 
Sci USA 1977;74:2584-8. | 


Frank H, McCarry BC, Liebskind JC. Different brain areas me- 
diate the analgesic and epileptic properties of enkephalin. Sci- 
ence 1978;200:335~7. i 


Tomassino C, Maekawa T, Shapiro HM. Fentanyl-induced sei- 
zures activate subcortical brain metabolism. Anesthesiology 
1984;60:283-90. 


ad 


54 ANESTH ANALG 
1985;64:54-7 


Flammable Surgical Drapes—A Patient and Personnel Hazard 


Ralph A. Milliken, MD, MBA, and Dante V. Bizzarri, MD 


MILLIKEN RA, BIZZARRI DV. Flammable surgical 
drapes—a patient and personnel hazard. Anesth Analg 
1985;64:54~7, 


After a surgical drape fire, the New York State Society of 
Anesthesiologists, Operating Room Safety Committee, in- 
vestigated the factors contributing to it. Subsequently, eight 
detailed cases were collected. It found that no voluntary 
standards or government regulations exist to oversee the 
flammability of surgical drapes; no agency or bureau collects 
reports of operating room fires; most professionals are not 


A fire or other combustion event requires oxygen to 
support combustion, a fuel to be oxidized, and a source 
of energy for ignition. In the early days of inhalation 
anesthesia, the anesthetic agents diethyl ether, cyclo- 
propane, divinyl ether, and fluroxene were flammable 
and explosive because of their relatively unstable mo- 
lecular structures. The quantity of energy represented 
by a static electric discharge was adequate to initiate 
a self-propagating, rapid oxidation event, i.e., a fire 
or explosion. Oxygen in excess of ambient concen- 
trations always adds to the risk of fire or explosion 
because it may reduce the required energy level to 
initiate a self-propagating event and increase the rate 
of combustion. Nitrous oxide can act as an oxygen 
provider by degrading into its component molecules. 
In part because of the dangers of fires and explosions, 
nonflammable halogenated anesthetics have now es- 
sentially replaced older flammable agents. 

All fabrics of natural or regenerated cellulose, as 
well as certain types of finished and unfinished fabrics 
made from other natural or synthetic fibers (asbestos 
is classified as a mineral) are flammable. Combustible 
fabrics, when used for clothing, are potentially dan- 
gerous to the wearer. Flammability hazard relates to 
the speed and intensity of the flame when these fab- 
rics burn, their ease of ignition, or the design of the 
garment. The following reports illustrate the nature 
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aware of the hazard because no labelling requirements re- 
garding flammability exist and because most episodes are 
minor in nature or settled out of court and thus not reported. 
This relatively new hazard has developed with the more 
frequent use of high-energy devices designed to provide bet- 
fer therapeutic results. 


Key Words: COMPLICATIONS—burns, fires. ELEC- 
TRICAL SYSTEMS-——fires. EQUIPMENT—surgical 
drapes, fires. 


of the hazard of flammable surgical drapes used in 
the operating room. 


Case Report 1 


A dilatation and curettage was being performed un- 
der general anesthesia. Because of persistent cervical 
bleeding, the surgeon was utilizing a gauze sponge 
to help locate the bleeding vessels, and a disposable 
cautery for hemostasis. The sponge began to smolder 
and the surgeon threw it to the floor for the circulating 
nurse to extinguish. The sponge landed on, near or 
under the disposable surgical drape, which began to 
burn. The nurse then threw water onto the drape in 
an attempt to extinguish the fire, but because of the 
water-repellent nature of the drape, the water helped 
spread the flames. The nearly explosive rate of com- 
bustion caused the leggings of the lithotomy pack to 
catch fire. Eventually, another member of the oper- 
ating room team obtained a fire extinguisher from 
elsewhere in the operating suite and extinguished the 
flames. The patient suffered first, second, and third 
degree burns to her perineum and legs, which re- 
quired skin grafts for therapy (1). 


Case Report 2 


A 67-yr-old man was sedated prior to being brought 
to the operating room for a cataract extraction. The 
anesthesiologist applied appropriate monitoring de- 
vices, gave 0.05 mg fentanyl and 5 mg diazepam in- 


travenously and administered oxygen under the dis- 


OPERATING ROOM FIRES 


posable drapes. Approximately 6 min after the start 
of surgery, which included the cauterization of ves- 
sels with a disposable hot wire cautery, flames were 
noted under the drapes. The fire was extinguished, 
but first and second degree burns developed on the 
patient’s face (2). 


Case Report 3 


A 4-yr-old girl was receiving general anesthesia with 
a face mask. Nondisposable cloth was draped to ex- 
pose a cyst on the patient’s forehead. The anesthe- 
siologist was using his left hand to apply the mask to 
the patient’s face. After using a disposable hot wire 
cautery on a subcutaneous bleeding point, a sterile 
sponge in the field caught fire. The sponge was thrown 
to the floor and extinguished by stamping on it, but 
the drape over the patient’s face had already caught 
fire. This resulted in first and second degree burns to 
the patient’s face and first degree burns to the anes- 
thesiologist’s second and third fingers (3). 


Case Report 4 


During arthroscopy, under nonflammable general 
anesthesia, a minor surgical delay developed, and the 
sterile end of the fiberoptic light bundle was removed 
from the arthroscope and placed on the linen drapes. 
The light bundle remained attached to the “on” pho- 
tographic (xenon arc) light source. The drapes im- 
mediately began smoking. The fire was quickly extin- 
guished with water. After the event tests were done 
on drapes of the same type with the same combination 
of fiber optic carrier and light source. It was verified 
that the drapes could be ignited in less than one sec- 
ond under identical circumstances (4). 


Case Report 5 


Dicephalus dipus conjoined twins were individually 
given general anesthesia for surgical separation. The 
surgical field was cleansed with a nonflammable an- 
tiseptic solution and then draped with a plastic oc- 
clusive incise barrier and cotton drapes. The plastic 
drape encircled the head and neck of Twin A with its 
adhesive affixed to the extraoral portion of the en- 
dotracheal tube. A cone-shaped air space thus existed 
around the endotracheal tube and the Jackson-Rees 
modification of the Ayre’s T piece used to administer 
anesthesia. Forty-five minutes into the operative pro- 
cedure, a blue flame was noted around the electro- 
cautery tip, and the anesthesia circuit connected to 
Twin A began expelling smoke. All of the tubes that 
entered Twin A’s mouth were burned by the resulting 
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fire. The vital signs of Twin A remained stable for the 
remainder of the operation until the amputation of 
Twin A was completed two hours postfire. Full thick- 
ness thermal injuries were noted on the face, neck, 

and part of the thorax of Twin A. Hemorrhagic fluid 
was present in the alveoli of Twin A, but it could not 
be conclusively attributed to the fire. Twin B suffered 
partial thickness burns on her head andi along the 
incision line. She subsequently developed a wound 
infection, wound dehiscence, septicemia, and a su- 
perior vena cava thrombosis. Twin B died on the 46th 
postoperative day (5). 


Case Report 6 


A 31-yr-old woman was given endotracheal anes- 
thesia for outpatient laparoscopic tubal cauterization. 
After successful carbon dioxide pneumoperitoneum 
had been induced, the left fallopian tube was grasped 
with a Kleppinger bipolar forceps and the tube co- 
agulated. It was released and grasped again at another 
segment, but two attempts at coagulation were un- 
successful. After the second attempt it was noted that 
the disposable surgical drapes were on fire at a point 
where they touched the cautery cord. All attempts to 
put out the fire were unsuccessful. The drapes were 
stripped off the patient while they were still burning 
and the patient was moved on the operating table to 
another operating room. The laparoscopic instru- 
ments were removed and the incision was repaired. 
In the approximate 2 min that it took to move the 
patient, the entire drape had ignited and filled the 
room with smoke, making it difficult for the occupants 
to breathe. The fire was eventually extinguished by 
the fire department. The patient suffered a second- 
degree burn to her right hand and a third-degree burn 
to her right thigh, which later required a skin graft. 
None of the operating team’s disposable’ gowns ig- 
nited during the fire. Inspection of the cautery cord 


demonstrated that it had melted near the point where 


it is attached to the laparoscope, a point of consid- 
erable torque and stress that probably resulted in a 


short circuit of the cord (6). 


Case Report 7 | 
il 


A patient having a cataract extraction using regional 
blockade supplemented by neuroleptanalgesia was 
being administered oxygen by nasal cannulae. A plas- 
tic ophthalmic disposable drape was used over cloth 
drapes to seal the field. Sparking from the cautery 
during the case set the plastic on fire, causing super- 
ficial periorbital burns. Later tests on the plastic and 
cloth drapes confirmed that cautery in the presence 


re 
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of air would cause the plastic to shrink, but not ignite, 
whereas when oxygen was present, the plastic and 
cotton both ignited (7). 


Case Report 8 


During use of a disposable high-temperature cautery, 


the “on-off” switch stuck in the “on” position. It was — 


dropped into a fold of the disposable drapes, which 
promptly ignited. The operating room personnel 
stripped the drapes from the patient. One surgeon 
suffered a minor injury in the fire. Inspection of other 
disposable cauteries revealed that they also had de- 
fective switches that continually activated the heating 
element (8). 


Discussion 


The ignition source for each of the fires described 
above, and for those involving surgical lasers (9-11), 
is a high-energy releasing device that can focus energy 
onto a small area. These devices are becoming more 
popular in surgery because of the therapeutic advan- 
tages they offer. Their increasing popularity exposes 
patients to risks most operating room personnel do 
not recognize. 

One of the cases reported resulted in a law suit in 
which the plaintiff was awarded against the hospital, 
surgeon, and drape manufacturer. Other cases were 
obtained from voluntary health sector agencies, which 
cooperated in varying degrees, and one from a phy- 
sician’s liability carrier; which put us in touch with 
the individual involved. Our investigations led us to 
believe that professionals fear publishing reports of 
operating room fires for concern of possible legal con- 
sequences. As a result, there is a limited appreciation 
of the hazard that patients are exposed to when high- 
energy releasing devices are used. 

In the cases reported above, and in all endotracheal 
tube fires associated with laser beams, a nonflamm- 
able anesthetic agent was used. The fuel was either 
surgical barrier material and the piastic or rubber ma- 
terials used in the endotracheal tube, esophageal 
stethoscope, or intravenous tubing. In some of the 
reports there exists the possibility that oxygen used 
to enrich the anesthetic mixture and the patient’s am- 
bient gases was available to help propagate the fire. 

Anesthesiologists participate in the drafting of 
flammability standards for some operating room ma- 
terials and gases through the American Society of 
Anesthesiologists, Inc., Committee on Equipment, 
Monitoring and Engineering Technology. Some Com- 
mittee members participate as members of the Tech- 
nical Committee on Anesthetizing Agents of the Na- 
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tional Fire Protection Association (NFPA), a voluntary, 
nonprofit corporation formed in 1896 by parties in- 
terested in reducing fire hazards. The NFPA does not 
directly address the flammability of nonwearable 
product such as surgical barriers. It does have a ‘‘Stan- 
dard for the Classification of the Flammability of 
Wearing Apparel” (NFPA 702-1970), which tests tex- 
tiles, and was prepared by the Committee on Fire 
Tests. The American National Standards Institute has 
no standard on the flammability of fabrics or wearing 
apparel. 

In 1953 the Federal Flammable Fabrics Act became 
law. The Secretary of Commerce was made respon- 
sible for developing standards for the flammability of 
clothing textiles. In 1972, the responsibility for flam- 
mable fabrics was transferred to the Consumer Prod- 
uct Safety Commission (CPSC). Both the CPSC and 
the Secretary of Commerce have interpreted their 
mandate as extending only to wearing apparel, not 
to other fabrics. Three federal standards have been 
written for clothing, each relating to the use of the 
garment and the size of the user. There exists a stan- 
dard for the flammability of clothing textiles, and two 
for the flammability of children’s sleepwear. Surgical 
barriers have been considered “internal furnishings,” 
by the CPSC, despite the fact that surgical barriers 
are temporary wearing apparel for humans of all ages. 
Surgical drapes, while not tailored as typical gar- 
ments, are manufactured with fenestrations and ap- 
ertures to allow the surgeon access to the operative 
field. We believe that an anesthetized infant or adult 
is probably at the same or greater risk of fire than a 
sleeping infant because they are made insensible to 
the pain of the fire and are unable to act to protect 
themselves. Recently, the manufacturers of surgical 
gowns attempted to have the sections regarding sur- 
gical gowns (a product the CPSC regulates as wearing 
apparel) reduced to the weakest flammability stan- 
dard. If it were not for the fact that many manufac- 
turers use the same material for their drapes as they 
do for gowns, there would be even less fire protection 
for patients and personnel. 

The US Food and Drug Administration, through 
the Medical Device Amendments of 1976, became re- 
sponsible for the development of standards for med- 
ical equipment. As of 1983, the Medical Devices Bu- 
reau had not developed standards for either surgical 
drapes or the types of high energy devices involved 
in the Case Reports and endotracheal tube fires dis- 
cussed above, despite letters of comment submitted 
by numerous professional societies and individuals. 
Asa result, there exists no federal reports of operating 
room fires, and worse yet, no agency that regulates 
the flammability of surgical drapes. 


OPERATING ROOM FIRES 


Prompted by the fire reported in Case Report 2, 
the New York State Society of Anesthesiologists, 
(NYSSA) Operating Room Safety Committee, inves- 
tigated surgical drape fires and found that there was 
no manner to accurately determine the incidence of 
operating room fires. In part this is because no central 
agency or bureau is designated to collect these data, 
and in part because most cases are settled out of court 
without any information ever reaching public or 
professional awareness. As a result, the Committee 
submitted a resolution that was unanimously adopted 
by the NYSSA House of Delegates. The Society sent 
letters to all New York State Congressmen and Sen- 
ators requesting that they familiarize themselves with 
the hazard of flammable drapes and seek a solution 
in federal law. As a result, testimony was given to 
the House Energy and Environment Subcommittee. 

An amendment to the Federal Flammable Fabrics 
Act was passed by the full Committee and the House. 
The amendment was attached to the House version 
of the Consumer Products Safety Amendments of 1983, 
the bill which would have reauthorized the Consumer 
Product Safety Commission. The Consumer Product 
Safety Amendments of 1983 significantly changed many 
functions of the Consumer Products Safety Commis- 
sion. The original House and Senate bills varied in 
their intent and wording. The process of resolving the 
differences between the two versions is ordinarily the 
responsibility of a House/Senate Conference Com- 
mittee. Unfortunately, the Conference Committee 
never met. With the adjournment of the Congress in 
October 1984, the two versions of the Consumer Prod- 
ucts Safety Amendments of 1983 were lost. It is ex- 
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pected that the wording that mandates a flammability 
standard for surgical drapes will be part of the original 
bill introduced in the new Congress in January 1985. 

Operating room personnel should consider all types 
of surgical drapes as potentially flammable, only 
needing an unfortunate combination of circumstances 
to result in a fire. Vigilance is required to protect both 
patients and personnel. 


We thank the officers, staff and members of the NYSSA, especially 
the members of the Operating Room Safety Committee for their 
assistance. 
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Technical Communications 


Determination of Atracurium in Plasma by High-Performance 


Liquid Chromatography 


Richard L. Stiller, PhD, Barbara W. Brandom, MD, and David R. Cook, MD 


Atracurium besylate is a nondepolarizing neuromus- 
cular blocking agent that under physiological condi- 
tions undergoes relatively rapid hydrolysis by non- 
specific esterases and by nonenzymatic decomposition 
(Hofmann elimination) (1,2). Hofmann elimination is 
enhanced by alkalosis and inhibited by acidosis. 
Therefore, any assay of atracutium of levels in plasma 
must be both extremely rapid and at a physiologic 
pH. Such an assay would be useful in defining the 
kinetics of atracurium in normal patients of different 
ages and in patients with severe renal and liver dis- 
ease. A previously described high-performance liquid 
chromatography (HPLC) assay for atracurium (3) re- 
quires that BW444U, a neuromuscular blocking agent, 
be added to the glassware to minimize the adsorption 
of atracurium to the active silanol sites, lacks an in- 
ternal standard, and lacks sensitivity below 100 ng/ml. 
BW444U may elute from the HPLC column near atra- 
curium, and thus interfere with the atracurium assay. 
More important, 4 ml of plasma (about 5.5-7 ml of 
blood) is required for duplicate atracurium determi- 
nations. A biologic assay for atracurium has also been 
described (2). 


To facilitate pharmacokinetic studies in infants and - 


small children, we were interested in developing an 
assay for atracurium that would minimize the blood 
or plasma sample required, that would be highly spe- 
cific, and that would extend the sensitivity below 100 
ng/ml. We have refined a highly sensitive HPLC assay 
that uses either alcuronium or d-tubocurarine as an 
internal standard (4). The sensitivity after extraction 
of 0.05-0.1 ml (50-100 pl) is 1-2 ng of atracurium. 
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With such an assay we redetermined the effect of pH, 
temperature, and plasma on atracurium decomposi- 
tion that had been tested by biological assay (2). 


Materials and Methods 


We used a Beckman liquid chromatograph (Model 
334) with gradient capabilities and with Altec Model 
110A pumps, and a Beckman Model 421 micropro- 
cessor. The chromatograph was equipped with a 
schoeffel spectrofluorometric detector SP-700 P-AL 
with scan and a Spectra-Physics 4100 microprocessor 
computing integrating system. Spectrofluorometer was 
set at excitation wave length of 239.5 nm and at emis- 
sion of 300 nm. Range setting was 0.02 wA and the 
sensitivity 550 V. “Little Champ” 7.5 cm, 3-~M, C-18 
Regis columns were used as the separation system. 
Various gradients of phosphate buffers and acetoni- 
trile were used. A 2-uM frit filter was used prior to 
the column to prevent particle contamination of the 
stationary phase. 


Reagents and Chemicals 


— In all experiments, highly purified HPLC grade sol- 


vents (Burdick & Jackson) or analytical grade com- 
pounds were used. Tetramethylammonium hydrox- 
ide (TMAH) was a 20% solution in methanol (Aldrich); 
phosphoric acid was HPLC grade (Fisher). Quater- 
nary ammonium compounds were gifts: atracurium 
from Burroughs Wellcome Foundation, alcuronium 
from LaRoche (NJ), and d-tubocurarine from Squibb- 
(NJ). The mobile phase was filtered and degassed 
prior to use. Octadecyl (C-18) extraction columns 
(Baker) and extraction system vacuum manifold (Baker) 
were used for separation of drugs. All virgin 5-ml and 
1.5-ml conical centrifuge polypropylene tubes were 
used. All glassware was silanized. 


MEASUREMENT OF ATRACURIUM LEVELS 


Internal Standards 


A solution of alcuronium was prepared in 0.1N HCl 
(10 mg/10 ml) and a solution of d-tubocurarine HCI 
(1 mg/1 ml) in 0.1N HCl. These stock solutions were 
stored frozen (—75°C) and were stable for several 
months; a working solution was prepared from these 
(500 ng/20 pl). 


Preparation of Standards 


Immediately prior to use, stock solutior:s of 1-mg atra- 
curium in 10 ml of 0.1N HCl were prepared; working 
solutions were prepared from the stock solutions. Dif- 
ferent volumes of the working solutions were pipet- 
ted into drug-free human plasma. A standard curve 
was constructed with 1-ml blank plasma samples into 
_ 1.5-ml Eppendorf polypropylene conical tubes con- 

taining 0, 10, 15, 20, 50, 100, 250, 500, and 2000 ng 
of atracurium. Each tube contained 500 ng of alcu- 
ronium as an internal standard and Z0 pl 3N HCI. 
After thorough mixing on a vortex mixer (10 sec), 500 
ul of the sample was placed upon the C-18 extraction 
column. The samples were extracted by the method 
described below. Peak heights of internal standard 
and drug were measured by integraticn (Fig. 1); the 
calibration curve was constructed from the peak high 
ratio of atracurium vs the concentration of the 
atracurium. 


Preparation of Samples 


Heparinized peripheral venous blood samples were 
freshly obtained on the morning of the analysis from 
volunteers and various amounts of the quaternary 
compounds and 20 ul 3N HCI were immediately added 
to them. The blood samples were then centrifuged 
for 20 sec at 15,000 g in an Eppendorf microcentrifuge, 
Model 5415, and the plasma removed and frozen to 
—70°C in acetone and dry ice. In addition, arterial 
blood samples were obtained from a 3-yr-old child 
1.5, 3, 5, 7.5, 10, 15, 30, 45, and 60 min after receiving 
0.5 mg/kg of atracurium (2 x EDos) during isoflurane 
anesthesia. The collection of 1-ml blood samples from 
this patient was in heparinized 3-ml disposable plastic 
syringes (Becton-Dickinson). The whole blood was 
squirted carefully into a 1.5-mi polypropylene centri- 
fuge tube containing 20-4] 3N HCI and centrifuged. 
Octadecyl C-18 extraction columns were used for 
separation of the drugs from the plasma. The extrac- 
tion columns were preconditioned on the extraction 
system vacuum manifold and under vacuum, the col- 
umns were washed twice with methanol, twice with 
physiological buffer, and a plasma sample of 100-500 
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Injection 


Figure 1. Chromatogram of a mixture of alcuronium, the internal 
standard (IS), and atracurium (ATA) from a “spiked” plasma sam- 
ple. The injection time is noted. Retention time is 4.6 min for IS 
and 9.7 min for atracurium at a flow rate of 0.5 ml/min. 


ul, including an internal standard, was placed upon 
the column. These I-ml columns could not be over- 
loaded or allowed to run dry. The sample on the 
column was rewashed three times with physiological 
buffer solution and once with methanol:water (20:80) 
and the vacuum turned off before the column became 
dry. The tip of each of the columns was washed clean 
with buffer and a 1.5-polypropylene Eppendorf cen- 
trifuge tube was placed under each column. Then 
300-500 ul of eluting solvent, which was in the mobile 
phase, was added to each column, allowed to stand 
for a minute, and the vacuum was turned on until 
the column was dry. Twenty microliters from the eluate 
was injected onto the HPLC column; with samples 
containing less than 40 ng, the eluates were dried 


“wy 
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rapidly in vacuo in a speed-vac concentrator (Savant) 
and reconstituted with 0.1N HCl. 


Procedures 


A linearity gradient elution procedure was used to 
determine what the optimum mobile phase would be 
for these quaternary ammonium compounds. The 
appropriate solvent mixture was then established for 
the assay (i.e., at same flow rate, without variation 
of the mobile phase proportions). A linear gradient 
was studied, using a starting mobile phase concen- 
tration of 0.03 M TMAH and 0.03 M phosphate buffer 
(pH 3) in water:acetonitrile (90:10) to the final con- 
centration of the buffer:acetonitrile (10:90). 

The appropriate system used was 0.03 M TMAH, 
0.03 M potassium phosphate (pH 3), and acetonitrile 
(60:40) for the separation of alcuronium and atracu- 
rium. The column temperature was maintained at am- 
bient temperature, 25°C. The flow rate of 0.5 ml/min 
was sustained with pressures of less than 1000 Ib/in?. 
Before injection, the samples were centrifuged at 15,000 
g to prevent particles from being injected into the 
HPLC; 20-ul samples were injected. The spectrofluo- 
rometric spectrum of alcuronium, d-tubocurarine, and 
atracurium were obtained in an acidic medium. Atra- 
curium has maximum excitations at 280 and 239.5 nm; 


d-tubocurarine at 280 and 240 nm; and alcuronium at 


280 and 235 nm. 

In a number of experiments, the mean relative net 
retention time was calculated from the individual re- 
tention times. The extraction efficiency of the extrac- 
tion columns for quaternary compounds was deter- 
mined with 0.1 ml of plasma samples containing 10- 
ng d-tubocurarine plus 0.10 wCi of °H d-tubocurarine. 
Also, plasma samples that contained 20-ng atracu- 
rium, 500-ng alcuronium, and 20-ng d-tubocurarine 
plus °H 0.10 Ci d-tubocurarine were extracted with 
C-18 extraction columns and separated by HPLC; 
100-500 ul samples were used for the assay. Radio- 
active atracurium and alcuronium were not available 
to us. 

In pilot studies we added 100-200 ng of fentanyl, 
morphine, thiopental, ketamine, diazepam, or pan- 
curonium to separate tubes of 1 ml of plasma con- 
taining 200 ng of atracurium. Aliquots of this plasma 
were assayed as outlined above. There was no inter- 
ference in the atracurium assay from these compounds. 


Results 


Figure 1 shows a chromatogram of atracurium and 
the internal standard (IS) alcuronium. The elution se- 
quence (retention time in minutes) was alcuronium, 
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Table 1. Degradation of Atracurium 
ty for atracurium in Sorensen buffer at 25°C, n = 6 
pH ti, (min) 
7.0 160 
72 140 
73 98 
7.4 73 
7.6 54 
7.8 42 
8.0 26 


ły for atracurium in human plasma at pH 7.3, n = 6 


Temperature ft, (min) 
37°C 19 
25°C 32 

°C 56 


4.6 min and atracurium, 9.7 min. Laudonosine, one 
of the metabolites of atracurium, elutes earlier than 
alcuronium; the alcohol and diol metabolites also elute 
earlier than atracurium. Total chromatography time 
between successive samples was 14 min. Plasma con- 
centration of atracurium was determined by compar- 
ison of the peak height of the drug and the added 
internal standard. 

Standard curves for atracurium in plasma were lin- 
ear (r? = 0.998) from 10 to 2000 ng/ml. Values of 
atracurium out of this range were either diluted or 
concentrated and then redetermined. The within-day 
reproducibility (coefficient of variation %) of the assay 
determined from five consecutive determinations of 
20 or 50 ng of atracurium was 5-6%. The between- 
day reproducibility (coefficient of variation %) deter- 
mined on four different days was 6%. Recovery of 
atracurium (n = 8) was 84.4 + 6% (sp) for the 50- 
ng/ml samples and 81.1 + 4.0% for the 20-ng/ml 
samples. 

The degradation of atracurium in Sörensen buffer 
(reflected by differences in t,) was more rapid at 
higher pH (more alkalotic) than at lower pH (more 
acidotic) (Table 1). At the same pH and temperature 
(pH 7.3; 25°C) the degradation of atracurium in plasma 
was three times more rapid than in buffer solution 
alone (Table 1). The degradation of atracurium was 
inhibited in plasma at lower temperature. 

Figure 2 demonstrates the plasma decay curve of 
atracurium in a child who had received 0.5 mg/kg of 
atracurium. This demonstrates the clinical feasibility 
of the assay. Neuromuscular ‘transmission returns to 
normal at atracurium concentration of 0.3-0.4 ug/ml. 


Discussion 


The HPLC method for atracurium is both highly sen- 
sitive and selective. The assay sensitivity is much lower 
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Figure 2. Semilogarithmic plot of atracurium—plasma concentra- 


tion against time after a bolus intravenous dose of 0.5 mg/kg in a 
child. 


than atracurium plasma concentrations associated with 
clinical neuromuscular blockade (5). The use of an 
internal standard allows one to control minor varia- 
tion in the recovery of atracurium during the extrac- 
tion and separation procedures. Use of polypropyl- 
ene tubes or silanized glassware eliminated or 
minimized the absorption of atracurium to glassware. 
Extraction is performed in a single step with a C-18 
extraction column and minimal eluate. Plasma con- 
stituents that might interfere with the assay are min- 
imized by the column extraction and further sepa- 
rated from the drug by HPLC using an ion-paired 
formation reverse phase system. 

Quaternary ammonium compounds are irreversi- 
bly bound on to the free silanol groups of a reverse 
phase column in a water—polar organic solvent mobile 
phase environment. These sites on the reverse phase 
columns can be deactivated by certain cations at an 
appropriate pH. Because atracurium and the station- 
ary silica phase are not stable at an alkaline pH, an 
acidic pH was used to enhance separation, stabilize 
the atracurium, and overcome the retardive or ion 
exchange effects of these quaternary bases with the 
silanol groups on the C-18 column. We were, there- 
fore, able to utilize a C-18 reverse phase column for 
rapid quantitative analysis of atracurium. 

Alcuronium was selected as the internal standard 
because its structure and retention time on the HPLC 
are similar to that of atracurium. Of equal importance, 
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Figure 3. Chromatogram of a mixture of d-tubocurarine (20 ng), 
alcuronium (20 ng), atracurium (20 ng), and BW444U (20 ng) using 
the described assay. The solvent is the first peak; the relaxants 
elute in the order listed (left to right). The flow rate is slower than 
that in Figure 1 to better demonstrate separation of the four relaxants. 


there is good separation between the alcuronium and 
the metabolites of atracurium. d-Tubocurarine and 
BW444U also have retention times similar to atracu- 
rium. Thus such an assay may be used by modifying 
the flow rate to measure these other relaxants (Fig. 
3). With further modifications one can measure lau- 
danosine in ng/ml amounts. Because the other me- 
tabolites of atracurium are not available, this pre- 
cludes us from developing a quantitative or qualitative 
assay for them. 

Our assay, like that described by Neill and Jones 
(3), minimizes the likelihood of atracurium degrada- 
tion during sample processing. Blood samples are im- 
mediately centrifuged; the plasma is decanted, aci- 
dified to pH 5, and frozen to —70°C in acetone—dry 
ice until analysis is performed. 


«! 
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Atracurium spontaneously decomposes through 
Hofmann elimination to laudanosine and pentame- 
thylene-1,5-diacrylate; nonspecific esterases are re- 
sponsible for the inactivation of atracurium to a mon- 
oquaternary acid and alcohol. Further degradation of 
the first-split products may take place. In buffer so- 
lutions at pH 3.5 and room temperature, atracurium 
is essentially stable for several weeks; at pH 5-6 it is 
stable for hours. Our data demonstrate that at phys- 
iologic pH in plasma, the degradation of atracurium 
is extremely rapid when compared to the degenera- 
tion in buffer solution alone. Likewise, Merrett et al. 
(2) noted that the rate of atracurium breakdown in 
human plasma (at pH 7.2-7.6) was consistently faster 
by a factor of 1.7-1.8 times when compared with Tris- 
buffer solutions at the same pH. Absence of pseu- 
docholinesterase has little effect on atracurium me- 
tabolism (2). A dual pathway of atracurium degra- 
dation does indeed exist. It appears, however, that 
the metabolism of atracurium by nonspecific esterases 
is more important than spontaneous decomposition 
in the degradation of atracurium, and thus in termi- 
nating the neuromuscular blocking effects of atracu- 
rium. This concept has received little attention. The 
activity of the nonspecific esterases appears to be in- 
hibited by acidosis and hypothermia. Additional studies 
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will be needed to clarify the role of each pathway in 
the degradation of atracurium under adverse physi- 
ologic conditions. 

In summary, we developed a rapid and simple 
method for the analysis of atracurium plasma con- 
centrations using a high-performance liquid chro- 
matography assay with an internal standard. Total 
chromatography time between successive samples is 
14 min. Recovery of atracurium is about 85%. Lin- 
earity over a concentration range of 10-2000 ng/ml is 
ry? = 0.998. The lowest detection limit of the assay is 
2 ng/ml. This method is reliable and sensitive enough 
for pharmacokinetic use in infants and children. 
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On-Line Conjunctival Oxygen Tension as a Guide to 


Cerebral Oxygenation 


Hoyte T. van der Zee, MD, N. Simon Faithfull, MB, PhD, FFARCS, Martin H. Kuypers, 
Kshetra M. Dhasmana, MD, and Wilhelm Erdmann, MD, PhD 


A need exists for continuous on-line measurement of 
arterial oxygen partial pressure (Pa03) in the critically 
ill patient. The method should preferably be nonin- 
vasive and the apparatus needed should be compact 
and simple to operate. 

Since the introduction of the first membrane-cov- 
ered polarographic cell (1), oxygen polarography has 
undergone such refinement that Po. measurements 
can now be carried out with great accuracy in almost 
any situation. Measurement of respiratory gas ten- 
sions in blood are routine, but the inzermittent and 
invasive nature of the estimations has prompted the 
search for other, preferably on-line, measurement 
techniques. 

Continuous transcutaneous monitoring of oxygen 
tensions has gained considerable popularity and is 
widely practiced in the neonatal period (2). This method 
has also been employed in adults (3), but it has been 
shown that, although transcutaneous oxygen tension 
reflects the Pao, in patients with a normal cardiovas- 
cular status, this is not necessarily so in shock and 
low flow conditions (4). 

It has been pointed out (5) that a particularly suit- 
able position for sensing oxygen tension is to be found 
in the palpebral conjunctiva, because it possesses a 
dense capillary bed that assists in the oxygenation of 
the cornea, when the latter is not exposed to the sur- 
rounding air. It is, therefore, not surprising that the 
conjunctival capillaries are located very close to the 
surface layers, hence minimizing the distance over 
which oxygen must diffuse. 

By application of solid state technology, it has been 
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possible to produce a miniature membrane-covered 
polarographic Clark cell. A low cost, mass produced, 
O sensor chip has recently been produced by 
Honeywell Medical Electronics (6), and this paper re- 
ports our initial laboratory experiences with this de- 
vice. The in vivo performance and the correlation be- 
tween measured Po, values and those obtained from 
the arterial blood are reported, together with com- 
ments on the sensor’s response characteristics under 
various hemodynamic conditions. 


Methods 
The Conjunctival Oxygen Sensor 


A diagrammatic representation of the sensor is pre- 
sented in Figure 1. The principle of the ring-shaped 
cathode system (7) was incorporated by constructing 
two rectangular spirals (8). In this manner it was pos- 
sible to combine the small width of the cathode (which 
determines the sensitivity of the polarographic cell to 
flow) with a relatively large total cathode area, and 
thus stronger electrode current. This has several ad- 
vantages, such as small zero current and improved 
stability—two factors that are difficult to achieve in 
miniaturized microelectrodes. 

The gold cathode and the silver anode are vapor- 
deposited on a silicon substrate, while a silicon—oxide 
layer is used for insulation between the electrodes. A 
porous cross-linked polymer matrix between the cath- 
ode—anode system and the rubber membrane serves 
as carrier for the electrolyte. The polymer matrix, the 
electrolyte, and the membrane are all applied by spin 
coating. The electrode is activated just before use by 
equilibrating in saline. This procedure has several ad- 
vantages, but it obviously restricts applicability of the 
cell for the measurement of oxygen in a completely 
fluid medium. 

The cable is only 140 um in diameter, protected by 
a Teflon tube, and fastened to the chip by ultrasonic 
bonding techniques. The dimensions of the chip are 
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Figure 1. Diagrammatic representation of the subconjunctival po- 
larographic oxygen sensor, 


0.7 mm x 3.7 mm and it has a thickness of 0.4 mm. 
The whole is embedded in a flap of silicon rubber in 

. such a way that the membrane of the chip is in direct 
contact with the inner-surface of the eyelid. This flap 
is 45 mm long, 4 mm wide, and 0.5 mm thick, thus 
enabling it to be fixed directly onto the skin adjacent 
to the eye. The soft surface of the pliable rubber is in 
contact with the eyeball, so there is no danger of 
damaging the surface of the eyeball. 

The electrode has a high sensitivity of approxi- 
mately 250 pA per mm Hg change in Poz, which re- 
sults in an oxygen consumption of 1.5 x 107"! ml of 
oxygen per mm Hg. Prior to application, the O2 sensor 
was calibrated in 0.9 NaCl equilibrated with air. The 
electrode current was fed into a Philips XV 1506 am- 
plifier system, and conjunctival oxygen tension was 
continuously recorded using a Philips PM 822 pen 
recorder. 


Experimental Studies 


The studies were performed in Wistar rats anesthe- 
tized with halothane in 33% oxygen and 66% nitrous 
oxide. The O, sensor was applied between upper eye- 
lid. and cornea, the chip facing the palpebral con- 
junctiva. The eyelid was then closed to ensure a tight 
apposition of the sensor to the conjunctival tissues. 

The femoral artery was cannulated with a 1-mm 
external diameter polythene cannula. This was con- 
nected to a Gould P23 pressure transducer, and after 
amplification by a Grass 7B polygraph, systemic ar- 
terial pressures were recorded on a Grass ink-writing 
oscillograph. Blood was intermittently withdrawn from 
the arterial cannula for measurements of blood—gas 
tensions using a Radiometer ABL 1 acid—base labo- 
ratory. The ECG was monitored continuously. 

The animals were ventilated via a tracheostomy 
with 0.5% halothane vaporized in a nitrous oxide- 
oxygen mixture. The Loosco Amsterdam infant ven- 
tilator was adjusted to achieve normal end-tidal CO, 
values, as measured on a Godart type 1467 capno- 
graph. Muscular relaxation was achieved using pan- 
curonium bromide, administered as a continuous in- 
fusion via a Braun Melsungen Perfusor apparatus at 
a rate of 0.4 mg/hr. 
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Figure 2. The relationship between arterial oxygen tension (Pao) 
and conjunctival oxygen tension. The regression line is drawn in. 
The correlation coefficient is 0.93. 


The inspiratory oxygen concentration (Flo,), mea- 
sured using an Instrumentation Laboratory Oxygen 
Monitor 404, was varied between 0.2 and 0.5. Arterial 
blood samples were taken for blood—gas analysis at 
the end of a 15-min period of ventilation at each 
Fio,- 

The O; sensor was then tested for its response char- 
acteristics during normo- and hypovolemic hypoten- 
sion. Normovolemic hypotension was induced by 
ventilating with 4% halothane and by injection of ke- 
tamine hydrochloride (1 mg/kg) into the cisterna 
magna. Hypovolemic hypotension was induced by 
withdrawal of blood from the femoral artery. 

In some animals, both common carotid arteries were 
exposed. After baseline conjunctival PO, (Pcono,) 
readings were established, the left carotid was oc- 
cluded with an arterial clamp. After a new steady- 


‘state Pcono, was established, the arterial clamp was 


released. This procedure was repeated on the right 
side. After a recovery period, simultaneous bilateral 
clamping was performed. 


Results 


The sensor was stable for extended periods of time, 
both in vitro and in vivo. In Figure 2, the values of 
arterial oxygen tension (PaO2) are plotted against the 
simultaneously measured conjunctival oxygen ten- 
sions obtained in each animal subjected to various 
Fio, values. The regression line is indicated and there 
is a good overall correlation, with a correlation coef- 
ficient of 0.93 (n = 33). The conjunctival Po, appears 
to give a better indication of Pao2 in the normal and 
hypoxic range than in the hyperoxic range of arterial 
oxygen tensions. Although in both instances the cor- 
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Figure 3. The relationship between arterial oxygen tension (Pa02) 
and conjunctival oxygen tension. The regression lines are drawn 
for PaO, values of 100 mm Hg and below and for 100 mm Hg and 
above. Correlation coefficients and slopes of the regression lines 
are discussed in the text. 


relation coefficient is 0.81 (this is statistically signifi- 
cant), the slope is 0.93 in the lower range but only 
0.55 in the hyperoxic range (Fig. 3). 

. Recordings of Pcono2 obtained during stepwise 
changes in Fio, are shown in Figure 4. The changes 
in oxygenation of the conjunctival tissue are rapidly 
detected by the O, sensor and after about 10-12 sec, 
stable readings are obtained at the new Po. 

The effects on hyperventilation, hypoventilation, 
and temporary apnea are demonstrated in Figure 5. 
Hyperventilation, induced by an increase in the tidal 
volume, results in an increase in Pcono,, reflecting 
improvement of tissue oxygenation. However, con- 
tinued hyperventilation does not maintain this im- 
provement in oxygenation of the conjunctival tissue, 
and one can observe a slow decline to below the orig- 
inal baseline level. This may be the result of the va- 
soconstrictive effect of low carbon dioxide tensions 
on the cerebral ‘circulation (Paco, decreased from 50 
to 20 mm Hg). It is interesting to note that this effect 
reached a maximum value and was followed by a 
slight increase in conjunctival Po, reading. Possibly 
this may indicate an altered vascular response to very 
low Paco, (hypoxic vasodilation). Also demonstrated 
in this figure is a temporary apnea producing an im- 
mediate decrease in Pcono2. After hyperventilation, 
the animal was hypoventilated, resulting in a Pao, of 
39 mm Hg and a Paco, of 60 mm Hg. An immediate 
decrease of the conjunctival PO, value was seen, fol- 
lowed by a slow increase that was probably due to 
the vasodilatory effect of the increasing Pacog. 

Figure 6 demonstrates the responses of the O, sen- 
sor after injection of ketamine into the cisterna magna, 
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Figure 4. Responses of the subconjunctival oxygen sensor to step- 
wise alterations in fractional inspired oxygen concentrations {(Fio,). 


the intravenous infusion of 0.9% saline solution and 
the withdrawal and subsequent reinfusion of blood. 
It can be seen that Pcono, closely parallels the ensuing 
changes in mean arterial pressure. 

In Figure 7 the effects of halothane-induced hy- 
potension on Pcono, are illustrated together with sub- 
sequent changes produced by intracisternal ketamine. 
The decrease in conjunctival Po, after halothane was 
clearly less than that observed during ketamine- 
induced hypotension of similar magnitude. This is 
probably due to the potent vasodilatory effect of hal- 
othane, which might be expected to maintain better 
microcirculatory perfusion during severe hypotension. 

Figure 8 shows results obtained during studies on 
the effect of occlusion of the common carotid arteries. 
Clamping of the left carotid resulted in a considerable 
reduction in the ipsilateral Pcono,. Almost identical 
decreases were produced by clamping the right com- 
mon carotid artery. Simultaneous bilateral clamping 
of the carotid arteries produced a much more dramatic 
decrease in Peono, to clearly hypoxic levels. The latter 
indicates a severe reduction in cerebral blood flow, 
prevented during unilateral clamping by the presence 
of an intact anterior communicating artery. 


Discussion 


The solid state O, sensor used in our experiments 
proved to be a reasonably accurate sensor of the state 
of conjunctival tissue oxygenation, and there was a 
fairly high correlation between Pcono, and Pao. It 
could be postulated that the lower correlation be- 
tween the Pcono2 and Pao; in the hyperoxic range 
could be explained on the basis of the presence of 
autoregulatory vasoconstrictive mechanisms similar 
to those occurring in the cerebral circulation. This 
would appear reasonable considering the anatomical 
origin of the opthalmic circulation. 

In practice, a very useful feature of the O, sensor 
is its rapid response time (10-20 sec). An early con- 
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Figure 5. The effects on subconjunctival oxygen tension of hyper- 
ventilation, apnea, and hypoventilation. 
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Figure 6. The influence of intracisternal ketamine, intravenous 
administration of 0.9% NaCl, bleeding and reinfusion of blood on 
the mean systolic pressure (AP), and en conjunctival Pop. 


junctival electrode (5) had a response time of as long 
as two minutes, and was therefore unsuitable for de- 
tection of rapid acute changes in Poz. The electrode 
that we used is thus much more suitable, and changes 
in tissue oxygenation, secondary to changes in oxy- 
gen flux, can be rapidly and accurately assessed, al- 
lowing rapid therapeutic intervention in clinical sit- 
uations. The clinical use of a conjunctival Po, electrode 
has recently been described (9), but no mention of 
response speed was made. Although Peono, was al- 
ways lower than PaO, the sensor was able to follow 
the trend of the changes in arterial oxygen tension. 
No specific studies have yet been carried out to 
investigate the effect of anesthetic agents on this elec- 
trode system. Studies into the effect of halogenated 
agents have been carried out in the past (10) and 
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Figure 7. The influence of ventilation with 4% fluothane or intra- 
cisternal administration of ketamine on the arterial pressure and 
on the subconjunctival Po. 
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Figure 8. The effects on the subconjunctival Po, of clamping one 
or both common carotid arteries. 


halothane has been shown to be the anesthetic agent 
in common use that has the most effect on readings 
obtained from standard Po, electrodes. Comment was 
made that ”. . . the errors involved are small in most 
instances.” Enflurane and isoflurane were shown to 
have no effect on PO. measurements. The authors 
observed a slow upward drift of PO, readings in the 
presence of halothane. This was not observed in the 
present study, and therefore the effect of halothane 
in the anesthetic gases respired by the animals was 
probably not significant. 

The ciliary artery, which supplies the conjunctiva, 
carries blood coming from the internal carotid artery. 
It should thus be possible to gain some idea of the 
adequacy of the cerebral circulation by the use of bi- 
lateral conjunctival oxygen electrodes. This should 
increase the margin of safety during, for instance, 
surgery for the relief of partial obstruction of the ca- 
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rotid artery. The instrument may also find useful ap- 
plication in neurosurgical practice, where it might give 
early warning of vascular compression or of vascular 
insufficiency during clamping of cerebral aneurysms. 
In addition, the sensor may be used as a research tool 
for investigating pharmacological action of drugs on 
the cerebral vascular smooth muscle. 

The manner and the degree to which the sensor 
responds to alterations in PaO, and hemodynamic con- 
ditions suggest that the electrode is reflecting changes 
in cerebral oxygen flux. It has been maintained (11) 
that a change in the oxygen carrying capacity of the 
blood has no effect on the Pcono2. However it is quite 
possible that after hemodilution with low molecular 
weight dextran and consequent lowering of the blood 
viscosity, the cardiac output of the experimental an- 
imals (rabbits) was increased to the extent that total 
cerebral oxygen flux was unchanged. It is therefore 
important to perform further experiments to ascertain 
whether indeed a relationship exists between the out- 
put from our electrode and cerebral oxygen supply. 
This would be particularly valuable in view of the 
enormous clinical importance of such a measurement. 
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Clinical Reports 


Intraoperative Use of Verapamil for Nitroglycerin— 


Refractory Myocardial Ischemia 


Linda S. Humphrey, MD, and Thomas J. J. Blanck, MD, PhD 


Nitroglycerin (TNG) is currently the mainstay of acute 
cardiac ischemia therapy. While there is some con- 
troversy about the precise mechanism of its beneficial 
effect, it is clear that TNG rapidly aborts many isch- 
emic episodes. Occasionally a situation is encoun- 
tered in which chest pain or ST segment changes 
suggesting ischemia persist despite seemingly ade- 
quate TNG therapy. In the past two years, we have 
treated four such patients with intravenous verapamil 
and describe a representative case here. We have found 
verapamil to be rapid in onset and effective, both as 
an adjunct to other interventions and in the face of 
ongoing ischemia refractory to usual therapeutic 
measures. 


Case Report 


A 70-yr-old man with triple vessel coronary artery 
disease was scheduled for urgent coronary artery by- 
pass surgery. Angina had been present for many years 
and he had sustained two myocardial infarctions ten 
and fifteen years earlier. This hospitalization was pre- 
cipitated by persistent chest pain at rest. He was ad- 
mitted to the coronary care unit, infarction was ruled 
out, and treatment was instituted with intravenous 
TNG and oral nifedipine with abatement but not res- 
olution of his symptoms. Cardiac catheterization 
demonstrated total occlusion of the left anterior de- 
scending (LAD) and left circumflex arteries with ret- 
rograde filling of the LAD and circumflex marginal 
from the right coronary artery, which itself had a high 
grade stenosis. Overall left ventricular function was 
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fair with a stroke volume of 56 ml, an ejection fraction 
of 0.47, and a left ventricular end diastolic pressure 
of 7 mm Hg, which increased to 16 mm Hg after 
ventriculography. 

After premedication with morphine sulfate (8 mg 
intramuscularly) and scopolamine (0.3 mg intramus- 
cularly), the patient was brought to the operating room. 
Peripheral intravenous lines, a radial arterial line, and 
a pulmonary artery catheter were introduced. Intra- 
venous nitroglycerin was continued at a rate of 
2 ug-kg~'min~*. Initial hemodynamic studies showed 
the left ventricular function was satisfactory with 
a cardiac index (CI) of 2.5 Lmin~'sm~? and a left 
ventricular stroke work index (LVSWI) of 42 
g-m-m~*beat~*. A baseline 12-lead ECG was recorded 
and was unchanged from previous tracings, showing 
only nonspecific ST-T wave changes. 

Anesthesia was induced with diazepam and fen- 
tanyl followed by pancuronium for muscle relaxation; 
intravenous TNG was continued throughout. Ven- 
tricular function and ECG were unchanged after in- 
duction and intubation. Diazepam (10 mg) and nitro- 
prusside (75 wg) were administered just prior to ster- 
notomy but despite this, the systemic blood pressure 
increased to 160/75 mm Hg and the heart rate (HR) 
to 75 beats/min from previous levels of 123/50 mm Hg 
and 64 beats/min, respectively. Shortly thereafter, 3 
mm of ST depression was noted in multiple leads and 
the pulmonary artery diastolic pressure increased from 
14 to 25 mm Hg. The Cl decreased to 1.96 L-min ~ 4m ~?. 
The nitroglycerin infusion was in creased to 4and then 
6 pe-kg~'-min~!, sublingual TNG 0.4 mg was given, 
and the systemic pressure was quickly controlled with 
small bolus doses of nitroprusside. Ten minutes later, 
the systemic blood pressure was 115/64 mm Hg, the 
HR 74 beats/min, the pulmonary arterial pressure 70/35 
mm Hg, and the ST segments still depressed (Fig. 1). 
Verapamil (7.5 mg intravenously) was given in three 


CLINICAL REPORTS 


ai mn Vaa Va Vaa Van 


= Vs 





Figure 1. ECG and hemodynamics during intravenous nitroglyc- 
erin, taken: from continuous intraoperative 8-channel recording. 
Vs, Vs chest lead ECG (top tracing); AVF, AVF lead (second tracing); 
HR, heart rate, beats/min, recorded on a 0-200 scale; SAP, systemic 
arterial pressure, mm Hg, recorded on a 0-250 scale; PAP, pul- 
monary arterial pressure, mm Hg, recorded on a 0-100 scale; and 
RAP, right ‘atrial pressure, mm Hg, recorded on a 0-50 scale. 


divided doses over a 5-min period. Within 1 min after 
the full 7.5 mg dose was complete, the ST segments 
were returning to baseline, and the pulmonary arte- 
rial pressure was beginning to decrease, first to 65/26 
mm Hg and then, 3 min later, to 54/22 mm Hg. The 
HR decreased to its previous level of 65 beats/min 
(Fig. 2). Bypass was instituted and terminated un- 
eventfully; neither inotropic support nor pacing was 
required and left ventricular function remained good 
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Figure 2. ECG and hemodynamics after verapamil (7.5 mg intra- 
venously). Abbreviations and notations as in Figure 1, with the 
exception of pulmonary arterial pressure, which is now recorded 
on a 0-50 scale. 


during the postoperative period. There was no evi- 
dence of myocardial infarction or other problem re- 
lated to the ischemic episode. 


Discussion 


The efficacy of the calcium channel blocking agents 
(CCBs), verapamil, nifedipine, and diltiazem, in the 
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treatment of angina pectoris has been established for 
Prinzmetal’s angina in which vasospasm plays a ma- 
jor role (1-6). Recent evidence suggests that CCBs are 
also effective in patients with classic exertional angina 
and rest angina associated with depressed ST seg- 
ments (5-7). Because the mode of action of the CCBs 
is believed to be related to their ability to relax va- 
sospastic coronary arteries (3,5,8), the fact that they 
are'also effective in forms of angina that have been 
assumed to be related solely to fixed coronary lesions 


suggests three possibilities: classic angina might have . 


a vasospastic component, the CCBs have a second 
mode of action, or both. In fact, vasospasm of major 
coronary arteries has been demonstrated in patients 
with subtotal coronary lesions (9,10) and is felt to play 
a significant role in the development of so-called un- 
stable, accelerated, or preinfarction angina (3,6,11). 
_ Furthermore, the CCBs have several hemodynamic 
actions beside coronary vasodilation that could con- 
tribute to their beneficial effects in the treatment of 
classic angina (5,6,8). Kates and Kaplan found de- 
creases in systemic vascular resistance, systemic ar- 
terial blood pressure, and LVSWI in eight coronary 
bypass patients given verapamil (0.075 mg-kg~') dur- 
ing narcotic-based anesthesia (12). Others have seen 
a decrease in HR after verapamil in dogs anesthetized 
with volatile agents (13,14) and in awake, B-blocked 
humans (15). 

Several factors have contributed to the relatively 
infrequent use of verapamil for the chronic treatment 
of patients with angina as compared to the other CCBs. 
The extensive metabolism of verapamil by the liver 
limits its oral effectiveness (5,6,8). The depressant ef- 
fect of verapamil on the SA node and conduction 
system (5,8,11,16,17) has resulted in concern about 
its use in combination with B-blockade (3,5,11,18). 
Verapamil is also believed to possess a more potent 
negative inotropic effect than the other CCBs (6,8) that 
is accentuated in patients with reduced ventricular 
function (5,19). 

In the perioperative period, many of the charac- 
teristic effects of verapamil cited above may be used 
to advantage. The rapid onset and short half-life are 
clearly beneficial for intravenous treatment of ische- 
mia. At present, verapamil is the only CCB available 
in this country for parenteral administration, elimi- 
nating uptake from oral or sublingual sites as a factor 
in onset of action. SA node inhibition resulting in 
decreased HR and decreased inotropy both contribute 
to reductions in oxygen demand. These factors make 
verapamil an attractive choice for perioperative use 
in combating ischemia in patients with good ventric- 
ular function. Although it is impossible to know 
whether vasospasm played a contributing role in the 
ischemic episode in our patient, use of verapamil was 
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definitely associated with a decrease in myocardial 
oxygen demand. 

The potential problems associated with intrave- 
nous administration of verapamil include inordinate 
decreases in contractility with significant hemody- 
namic impairment and the develcpment of varying 
degrees of AV block. The former problem did not arise 
in our patient and tends to occur either in patients 
with severely compromised ventricular function or at 
high dosage levels (6). In fact, in some of our patients, 
we have seen increases in CI after verapamil, pre- 
sumably resulting from reduction in afterload, im- 
provement in function as ischemia was alleviated, or 
both. The problem of AV block is also dose related 
and can be avoided by carefully titrating the drug to 
effect. Verapamil should not be used in patients with 
known impairment of conduction (6,11). 

It is unclear why TNG was ineffective in alleviating 
ischemia in the present case and in the other cases 
we have encountered. Maximal coronary vasodilation 
may have been achieved with TNG prior to the isch- 
emic attack; verapamil administration may then have 
decreased contractility and heart rate while maintain- 
ing coronary and systemic vascdilation. Alterna- 
tively, the blood level of nitroglycerin might have been 
inadequate to reverse coronary spasm. Intracoronary 
nitroglycerin may be required to achieve this (20). A 
third possibility is that adsorption of TNG by the in- 
fusion tubing might have reduced the actual dose of 
TNG administered. This seems unlikely because the 
infusion had been running for several hours and pro- 
ducing hemodynamic effects, suggesting that tubing 
binding sites were already saturated. 

Use of oral CCBs to treat TNG-refractory ischemia 
is commonplace outside of the operating room. In 
addition, Hasin et al. reported 16 patients with post- 
infarction angina treated with continuous infusions 
of verapamil for 36-48 hr (21). Fourteen remained 
pain free during the infusion, while only two ex- 
tended their infarcts. Similar treatment of intraoper- 
ative TNG-refractory ischemia with intravenous ver- 
apamil seems logical, but has not been previously 
described. 

Nifedipine, on the other hand, has been used in 
several instances. Buxton et al. described six patients 
with coronary spasm after bypass, manifested by ST 
segment elevation and hemodynamic collapse, who 
were unresponsive to intravenous TNG (20). Three 
died and two were reversed only by intracoronary 
TNG. Five of the six were administered nifedipine via 
nasogastric tube but no parenteral CCB was given. 
Another case of coronary spasm after bypass reported 
by Lewis et al. was reversed after sublingual: TNG 
and nifedipine (22). Improved coronary graft flow and 
contractility occurred over 15-25 min. This compares 
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to 6 min in our case from the initial dose of verapamil 
to the onset of improvement in ST segments and 10 
min to the time when ST segments had returned to 
baseline. Two other instances of reduced graft flow 
after bypass were treated with direct intracoronary 
injection of nifedipine (23). This modality produced 
rapid improvement but is presently available in this 
country only on an experimental basis. Thus vera- 
pamil is not necessarily superior to the other CCBs in 
correcting ischemia, but the rapidity of onset with 
intravenous administration is an advantage. 

There may be several reasons why verapamil has 
not been used previously to treat intraoperative isch- 
emia. The hemodynamic effects of verapamil in com- 
bination with general anesthetics have only recently 
been delineated, eliminating concern about its intra- 
operative use (12,14,24). Also, because many coro- 
nary bypass patients are B-blocked, the administra- 
tion of intravenous verapamil to them may have seemed 
unwise. The combination of oral B-blockers with small 
doses of intravenous verapamil has not produced the 
higher degrees of AV block seen when both are given 
intravenously. 

In summary, we present a case of perioperative 
ischemia that was well controlled by verapamil after 
nitroglycerin alone proved inadequate. It is unclear 
whether verapamil reversed coronary spasm in this 
episode or whether its major effect may have been to 
decrease myocardial oxygen demand by decreasing 
contractility, maintaining decreased afterload, and 
slowing HR. Because verapamil is fast, effective, and 
safe for ischemia of either etiology, its use should be 
considered when ischemia develops during the per- 
ioperative period. 


References 


1. Antman E, Miller J, Goldberg S, et al. Nifedipine therapy for 
coronary-artery spasm: experience in 127 patients. N Engl J 
Med 1980;302:1269-73. 

2. Schroeder JS, Rosenthal S, Ginsberg R, Lamb I. Medical ther- 
apy of Prinzmetal’s variant angina. Chest 1980;78(suppl):231-3. 

3. Braunwald E. Mechanism of action of calcium-channel-block- 
ing agents. N Engl J Med 1982;26:1618-27. 

4. Johnson SM, Mauritson DR, Willerson JT, Hillis LD. A con- 
trolled trial of verapamil for Prinzmetal’s variant angina. N Engl 
J Med 1981;304:862-6. 


5, Ellrodt G, Chew CYC, Singh B. Therapeutic implications of - 


slow-channel blockade in cardiocirculatory disorders. Circu- 
lation 1980;62:669-79. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


2. 


24. 


ANESTH ANALG 71 
1985;64:68-71 


. Stone PH, Antman EM, Muller JE, Braunwald E. Calcium chan- 


nel blocking agents in the treatment of cardiovascular disor- 
ders. Part I: Hemodynamic effects and clinical applications. 
Ann Intern Med 1980;93:886-904. 


. Gerstenblith G, Ougany P, Achuff SC, et al. Nifedipine in 


unstable angina. N Engl J Med 1982;306:885-9. 


. Henry PD. Comparative pharmacology of calcium antagonists: 


nifedipine, verapamil and diltiazem. Am J Cardiol 1980; 
46:1047-58. 


. Moseri A, Severi S, De Nes M, et al. “Variant” angina: one 


aspect of a continuous spectrum of vasospastic myocardial 
ischemia. Am f Cardiol 1978;42:1019-35. 


Moseri A, L’Abbate A, Baroldi G, et al. Coronary vasospasm 
as a possible cause of myocardial infarction: A conclusion de- 
rived from the study of “‘preinfarction’” angina. N Engl J.Med 
1978;299:1271-7. 


Zelis R. Calcium-blocker therapy for unstable angina pectoris. 
N Engl } Med 1982;306:926-8. 


Kates RA, Kaplan JA. Cardiovascular responses to verapamil 
during coronary artery bypass graft surgery. Anesth Analg 
1983;62:821—6. 


Hantler CB, Felbeck PG, Kroll DA, Knight PR. Effects of ver- - 
apamil on sinus and AV nodal function in the presence of 
volatile anesthetics (Abstract). Anesthesiology 1983;59:A38. 


Kapur PA, Bloor BC, Flacke WE, Olewine SK. Comparison of 
cardiovascular responses to verapamil during enflurane, iso- 
flurane or halothane anesthesia in the dog. Anesthesiology 
1984;61:156-60. 


Packer M, Miller J, Medina N, et al. Hemodynamic conse- 
quences of combined beta-adrenergic and slow calcium channel 
blockade in man. Circulation 1982;65:660-8. 


Zipes DP, Fischer JC. Effects of agents which inhibit the slow 
channel on sinus node automaticity ‘and atrioventricular con- 
duction in the dog. Circ Res 1974;34:184—92. 


Antman EM, Stone PH, Muller JE, Brauriwald E. Calcium chan- 
nel blocking agents in the treatment of cardiovascular disor- 
ders. Part I: Basic and clinical electrophysiologic effects. Ann 
Intern Med 1980;93:875-85. 


Merin RG. Slow channe! inhibitors, anesthetics and cardio- 
vascular function. Anesthesiology 1981;55:198-200. 


Chew CYC, Hecht HS, Collett JT, et al. Influence of severity 
of ventricular dysfunction on hemodynamic responses to in- 
travenously administered verapamil in ischemic heart disease. 
Am J Cardiol 1981;47:917-22. 


Buxton AE, Goldberg 5, Harken A, et al. Coronary-artery spasm 
immediately after myocardial revascularization. Recognition and 
management. N Engl J Med 1981;304:1249-53. 


Hasin Y, Freiman Í, Schwarz T, et al. Intravenous verapamil 
therapy in imminent myocardial infarction. Clin Cardiol 
1983;6:487~95. j 


Lewis BH, Muller JE, Rutherford J, et al. Nifedipine for coro- 
nary-artery spasm after revascularization. N Engl J Med 
1982;306:992-3. 


Nijsen-Karelse M, Dion RAE, Jambroes G. Nifedipine in cardiac 
operations. J Thorac Cardiovasc Surg 1982;84:145. 


Zaggy AP, Kates RA, Norfleet EA, et al. The comparative car- 
diovascular effects of verapamil, nifedipine and diltiazem dur- 
ing halothane anesthesia (abstract). Anesthesiology 1983;59:A44. 


72 ANESTH ANALG 
1985;64:72-6 


Fentanyl Anesthesia in Familial Dysautonomia 


B. Beilin, MD, Ch. Maayan, MD, E. Vatashsky, MD, D. Shulman, mp, I. Vinograd, MD, and 


H. B. Aronson, MB, ChB, FFARCSDA(I) 


One of the uncommon but serious problems that the 
anesthetist may face is the inherited disease familial 
dysautonomia (FD), a multisystem disease, most of 
the clinical manifestations of which are related to pa- 
thology in the nervous system (1). There is a reduction 
in the number of cells in the autonomic and sensory 
ganglia and a decreased number of unmyelinated and 
myelinated fibers. Norepinephrine and epinephrine 
excretion is diminished, although metabolites of do- 
pamine are excreted in normal amounts. During emo- 
tional crises, nevertheless, plasma norepinephrine and 
dopamine levels are markedly elevated, with smaller 
incréases in epinephrine (2,3). Clinically, patients with 
FD have difficulty in swallowing, vomiting (dysau- 
tonomic) crises with dehydration, poor control of body 
temperature, and generally decreased perception of 
pain but with some areas of hyperesthesia (4). Es- 
pecially important for the anesthetist is marked car- 
diovascular instability that may manifest itself by ep- 
isodes of orthostatic hypotension or attacks of 
hypertension, as well as hypersensitivity to exoge- 
nous catecholamines (5,6). These patients require spe- 
cial attention from the anesthetist during surgery be- 
cause their Clinical status may deteriorate due to the 
stress of the perioperative period. 

The anesthetic management of patients with FD, 
as described by several authors (5-8), is based on the 
cautious use of volatile anesthetics together with ex- 
ogenous catecholamines in order to provide stability 
of the cardiovascular system. In most of the patients 
described, there were, however, marked changes in 
blood pressure ‘during surgery and the postoperative 
period. The search, therefore, continues for an an- 
esthetic technique that produces a more stable hemo- 
dynamic status. 

Anesthesia with high doses of fentanyl (HDF) is 
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not associated with a sympathoadrenal discharge and 
may, in critically ill patients, even prevent the sym- 
pathoadrenal response to surgical stimulation (9). 
Moreover, HDF has been shown to block other hor- 
mona] stress responses, such as the secretion of an- 
tidiuretic hormone, cortisol, growth hormone, and 
insulin (10,11). 

The success of HDF for open heart surgery led us 
to consider use of this method for patients with FD. 
The present report describes our experience with a 
moderate-dose fentanyl technique in these very dif- 
ficult patients. 


Patients and Methods 


Six procedures were performed under general anes- 
thesia on four patients (2 males, 2 females, aged 
1.75-23 yr) who were admitted to our hospital with 
previously diagnosed FD (Table 1). All suffered from 
recurrent pneumonias, motor retatdation, and psy- 
choemotional imbalance. Most of the classical symp- 
toms and signs of FD (12) were present,. including 
lack of superficial sensitivity to pain, orthostatic hy- 
potension, and attacks of vomiting and hypertension. 
Gastric reflux was documented by barium swallow 
and milk scan. Intensive preoperative preparation with 
chest physiotherapy, deep suction, antibiotics, and 
cimetidine were administered before surgery. Gas- 
trostomy was performed in all four patients. Three 
patients underwent elective Nissen fundoplication, in 
which the fundus of the stomach was sutured around 
the esophagus as a “collar” creating a new gastroe- 
sophageal valve (13). In one patient who had severe 
chronic lung disease from recurrent pneumonias, tra- 
cheostomy was performed one week prior to the sur- 
gical procedure, and bronchography was carried out 
postoperatively for evaluation of lung pathology. 
Premedication consisted of sedation alone for two 
reasons: sedative drugs may prevent or minimize psy- 
choemotional crises; and standard doses of narcotics 
can be dangerous in these patients because of their 
sensitivity to hypercarbia and hypoxemia. Thus on 
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Table 1. Characteristics of the Patients with Familial Dysautonomia 


Age Weight Height 

Patient no. Sex (yr) (kg) (cm) 

1 M 8 14.4 98 

2 M 4 12 84 

2 M 4 12 84 

2 M 4 12 84 

3 F 1.75 5.7 66 

4 F 23 30 110 
Mean 9.2 15.5 89.5 


the morning of surgery, the patients were premedi- 
cated orally with either diazepam or flunitrazepam in 
the doses previously found to be suitable (Table 2). 
They were brought to the operating room with a pre- 
viously inserted intravenous infusion. A pediatrician 
was in attendance from the time of administration of 
premedication until the patient’s arrival in the oper- 
ating room. 

Anesthesia was induced with either flunitrazepam 
(0.01 mg/kg) or diazepam (0.1 mg/kg) given in diluted 
form intravenously over a period of 2 min. This was 
followed by an infusion of fentanyl (30 ug/kg) and 
pancuronium (0.1 mg/kg) in a volume of 5 ml/kg of 
Ringer’s lactate solution. Half of this solution was 
infused over the first 10 min followed by tracheal 
intubation. The remainder was given prior to the com- 
mencement of surgery. Oxygen was given initially by 
a mask positioned above the patient’s face while, after 
induction, an oropharyngeal airway was inserted and 
a tight fitting face mask applied for spontaneous and 
then assisted ventilation. When the eyelash reflex was 
obtunded and controlled ventilation became neces- 
sary, nasotracheal intubation was carried out. The 
nasal route was chosen to facilitate postoperative ven- 
tilation that was planned for all patients because of 
the high narcotic dosage used during anesthesia. 

After tracheal intubation, rigidity of the chest wall, 
a possible side effect of HDF, was evaluated by the 
degree of resistance to manually controlled ventila- 
tion. The internal jugular vein and the radial artery 
were then cannulated, and a urinary catheter and 
rectal temperature probe inserted. Patients were 
warmed in the operating room by a radiant warmer 
and thermal blanket. ECG was continuously dis- 
played and systolic, diastolic, and mean blood pres- 
sures were monitored (Syntron automatic blood pres- 


Recovery time 


from end of 
procedure till 
Duration of ` extubation 
Procedure procedure (min) (min) 
Gastrostomy plus 150 360 
fundoplication 
Tracheostomy 30 240 
Gastrostomy plus 130 480 
fundoplication | 
Bronchography 110 180 
Gastrostomy 60 840 
Gastrostomy plus 140 | 720 
fundoplication 
103 470 


sure recorder). Central venous pressure (CVP), end 
tidal CO, tension, (Petco) (Datex capnograph), and 
arterial blood gas tensions were also measured fre- 
quently during the perioperative and early postop- 
erative periods. 

Anesthesia was maintained with a 50:50 N,O:0, 
mixture administered by manual ventilation through 
a T-piece (Jackson-Rees modification of the Ayer’s 
T-piece). Additional fentanyl (200 ug boluses) was 
given intravenously during the procedure whenever 
systolic blood pressure or heart rate, or both, in- 
creased more than 15% above the preanesthetic con- 
trol values. If this supplement failed to reduce systolic 
blood pressure within 5 min, 0.3% halothane was 
given until the systolic pressure decreased to control 
levels. This was needed in only one case and for a 
total duration of 5 min. 5 

Special attention was given to fluid balance. Be- 
cause these patients are generally hypovolemic and 
hypoalbuminemic from repeated vomiting, they re- 
ceived 10 ml/kg of fresh frozen plasma (FFP) in the 
evening prior to surgery. This was repeated before 
induction of anesthesia together with the above-men- 
tioned Ringer’s lactate solution 5 ml/kg. During anes- 
thesia and surgery Ringer’s lactate solution was given 
at a rate, usually 10 ml-kg~*“-hr~', sufficient to main- 
tain a urinary output of at least 1 ml-kg~4hr~?, and 
the CVP within the normal range. Blood was available 
for replacement on a unit-for-unit basis. 

At the end of the surgical procedure, the patients, 
while being manually ventilated, were transferred to 
the intensive care unit without reversal of either fen- 
tanyl-induced respiratory depression or of residual 
muscle relaxants. Patients were ventilated (Bennett 
MA-2) with up to 5-cm H,O positive and expiratory 
pressure followed by intermittent mandatory venti- 
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Table 2. Drugs and Doses Administered During the Perioperative Period in 4 Familial Dysautonomia Patients 
(6 interventions) 





: Surgery ICU 
Patient 
no. Diazepam Flunitrazepam Fentanyl] Pancuronium FFP Bicarbonate Meperidine Flunitrazepam Diazepam 
1 5 mg 0.4 mg 600 ug 2 mg 400 ml 45 mg 0.3 mg 17.5 mg 
2 5 mg 0.1 mg 50 pg 3 mg 15 mEq 40 mg 0.4 mg 
10 mg 450 ug 200 ml 15 mEq 30 mg 0.2 mg 5 mg 
0.1 mg 200 ug 2.2 mg 0.2 mg 5 mg 
3 1.0 mg 200 ug 200 ml 15 mg 5 mg 
4 0.4 mg 1100 pg 4 mg 400 ml 60 mg 0.8 mg 


lation (IMV) until such time as spontaneous ventila- 
tion was adequate to permit extubation of the trachea. 
This was performed from 4 to 14 hr after surgery. 
During the postoperative period, the patients re- 
ceived 1 mg/kg of meperidine intramuscularly every 
3 hr for analgesia and diazepam or flunitrazepam in- 
travenously to reduce the stress of mechanical ven- 
tilation, to prevent psychoemotional crises, and for 
their antiemetic effect. When all vital signs were sta- 
ble, the patients were transferred to the ward. In- 
formed consent was obtained for this study from the 
adult patient and from the parents of the children. 


Results 


All four patients were calm and sleepy on arrival in 
the operating room and cardiovascular findings were 
similar to those obtained during the preoperative pre- 
paratory period (Fig. 1). During induction of anes- 
thesia there was a transient decrease in systolic blood 
pressure (mean 23% decrease) that was reversed by 
increasing the infusion rate. With the start of surgery, 
one patient had a further decrease in blood pressure 
that was reversed with FFP administration. In a sec- 
ond patient there was a blood pressure increase of 
approximately 30% that rapidly returned to normal 
after an additional dose of fentanyl (200 ug) and a 5- 
min administration of 0.3% halothane. 

Heart rates before induction of anesthesia were 
generally rapid (95-140 beats/min) but were slower 
(70-100 beats/min) during the course of surgery (Fig. 
1), except for patient 3, aged 1.75 yr, whose heart rate 
remained elevated during surgery. For most of the 
operative period, changes in blood pressure and CVP 
were unusual and tended to parallel alterations in 
heart rate, although there were some instances in which 
this link was not apparent. These changes were re- 
sponsive to adjustment of the rate of fluid adminis- 
tration. Thus we found that added fluids increased 
all three variables, heart rate, blood pressure, and 
CVP, at the same time. These variables were generally 


stable throughout the operative and postoperative 
periods. 

Repeated measurement of blood gas tensions and 
Petco: showed no changes indicative of hypercarbia 
or hypoxemia, Paco, varied between 4.4 and 6.3 kPa, 
and Pao, varied between 11.5 and 20.7 kPa. The mean 
arterial pH decreased from 7.40 to 7.32 by the end of 
the procedures, and, in two of the six interventions, 
the base deficit increased to 8.8 and to 10.1 mmol/L, 
respectively, necessitating bicarbonate administra- 
tion. Chest wall rigidity was not detected at any time, 
nor was there any difficulty in ventilating these pa- 
tients throughout the procedure. 

No exogenous catecholamines were found to be 
necessary in any patient. The additional doses of fen- 
tanyl and pancuronium administered during surgery 
did not amount to more than 25% of the initial doses 
(Table 2). The fundoplication procedures were of ap- 
proximately the same duration in all three cases (Table 
1), and blood loss was minimal so that there was no 
need for blood transfusion. The immediate postop- 
erative course was very satisfactory and patients were 
fully conscious within 6-8 hr of the end of the surgery. 
Ventilation and IMV were well accepted by all pa- 
tients and weaning was gradual and uneventful. The 
time to endotracheal tube extubation ranged from 4 
to 14 hr. Meperidine and the benzodiazepines were 
well tolerated (Table 2). There were no hypertensive 
or vomiting crises. When questioned postoperatively, 
none of the patients reported experiencing awareness 
or pain during the procedure. 


Discussion 


Patients with FD can be compared to those with car- 
diac disease before open heart surgery from the point 
of view of their severe cardiovascular instability and 
the pathological changes in the sympathetic and pe- 
ripheral nervous systems. In both groups, marked 
cardiovascular changes both pressor and depressor 
that can result from the reflex response to endotra- 
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Figure 1. Mean arterial blood pressure, heart rate, and central ve- 
nous pressure changes during anesthesia in four patients with 
familia] dysautonomia. 


cheal intubation and surgical stimulation may be dan- 
gerous or even fatal. The ideal induction agent for the 
patient with FD should, therefore, provide for pleas- 
ant loss of consciousness, produce minimal cardio- 
vascular disturbance, and cause no side effects. Pa- 
tient apprehension is a major destabilizing factor in 
these patients and should be controlled in the pre- 
operative period. 

Several anesthetic techniques have been proposed 
for patients with FD (5-8). Anesthesia based on in- 
halational agents such as halothane or enflurane has 
been used, but may induce hypotension due to myo- 
cardial depression and peripheral vasodilation, ne- 
cessitating the administration of exogenous catechol- 
amines. However, patients with FD are extremely 
sensitive to even small doses of epinephrine, which 
may induce cardiac arrhythmias and uncontrollable 
hypertension. Myocardial depressants are thus not 
advisable. For this reason, and given the difficulties 
in predicting an appropriate dose, thiopental, if used 
at all, should be administered in small amounts. 

Because of the problems associated with inhalation 
anesthesia in patients with FD, we were interested in 


ANESTH ANALG 75 
1985;64:72~6 


an alternate anesthetic technique that would provide 
cardiovascular stability without myocardial depres- 
sion. The results achieved with the moderate-dose 
fentanyl technique that we used in this small group 
of patients with FD are encouraging. The patients 
arrived in the operating room with stable cardiovas- 
cular findings after heavy premedication with ben- 
zodiazepines and fluid therapy designed to rapidly 
load the intravascular compartment. The infusion of 
15 wg/kg of fentanyl and 1-2 mg of pancuronium pro- 
vided smooth induction without chest rigidity and 
allowed easy intubation and ventilation. The addi- 
tional dose of 15 wg/kg of fentanyl given before and 
the 200 ug administered intermittently during surgery 
probably suppressed any significant changes in car- 
diovascular dynamics. The intermittent use of low 
concentrations of halothane as a supplement during 
hypertensive episodes proved very satisfactory in the 
one patient who required it, without causing sudden 
hypotension. The fact that elevations in blood pres- 
sure occurred together with a decrease in heart rate, 
indicated to us that baroreceptor reflexes were not 
intact. 

The dominant risk factors in patients with FD, 
namely hypertension or hypotension, vomiting, and 
pulmonary derangement from repeated respiratory 
infections, make postoperative ventilation manda- 
tory. Thus the necessity to ventilate after this 
moderate-dose fentanyl anesthesia is not a disadvan- 
tage of the technique, and the postoperative sedation 
it confers is a distinct advantage in these patients. 
Recovery of consciousness is smooth and return to 
spontaneous ventilation is gradual without distress. 

We are fully aware of the possible criticism con- 
cerning the use of moderate doses of fentanyl for 
relatively short diagnostic or therapeutic procedures, 
but the stress of even a short operation can be marked 
and deleterious to these patients and must be avoided. 
The question arises whether it is preferable to treat 
the stress responses simply by increasing the dose of 
analgesic drug to an undefinable level of analgesia, 
or to use higher doses of hypnotics, such as the ben- 
zodiazepines. Further studies are planned in these 
patients with cardiovascular, central nervous system, 
and metabolic monitoring, including estimation of 
plasma catecholamine levels. 

In conclusion, we have described an effective and 
apparently safe anesthetic technique based on the use 
of moderate doses of fentanyl and intensive moni- 
toring for patients with FD undergoing diagnostic 
procedures, major surgery, or both. Our results in- 
dicate that cardiovascular parameters intra- and post- 
operatively were stable, and the postoperative period 
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was relatively smooth without hypertensive or hy- 
potensive episodes. While we cannot claim that this 
technique is superior to the other accepted methods 
of anesthesia, because a controlled comparative study 
was not performed, it is our clinical impression that 
the moderate-dose fentanyl technique described pro- 
vides the basis for safe anesthesia for patients with 
FD. 
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Halothane or Enflurane for Inhalation Induction? 


A Study of Children’s Preferences 


Eamon Tierney, MB, BCh, FFARCSI, Peter A. Ritchie, MB, BS, BSc, FFARCS, 
Wiliam R. Hain, MB, BS, FFARCS, and Richard A. Cooke, MB, BS, BSc, FFARCS 


The introduction of enflurane prompted many reports 
on its clinical use, a high proportion comparing the 
effects with those of halothane. Pediatric anesthetists 
were not slow in publishing their experiences with 
enflurane. Rodrigues (1) described the use of enflur- 
ane in pediatric anesthesia in 1973. Govaerts and 
Sanders (2) compared halothane and enflurane in pe- 
diatric anesthesia and found more rapid induction 
and recovery times with enflurane. Black et al. (3) 
found the mean induction time for enflurane to be 
two-thirds that of halothane, with an equally rapid 
recovery time. A discouraging note was that occa- 
sional difficulties were encountered in very small chil- 
dren when using enflurane as the induction agent. 
Black et al. postulated that respiratory depression may 
occur before surgical anesthesia has been achieved. 
Davidson (4), comparing halothane and enflurane in 
pediatric anesthesia, found similar induction times for 
the two agents. She postulated that the quicker re- 
covery time after enflurane anesthesia was due to the 
fact that the enflurane-treated patients received a less 
potent anesthetic dose, taking the different MAC val- 
ues into consideration. She commented on the ac- 
ceptability to children of enflurane for inhalation 
anesthesia. 

Many children in our practice choose an inhala- 
tional induction. This investigation sought to estab- 
lish, therefore, whether children have a preference 
for either the smell of halothane or enflurane, in a 
belief that it would be more humane to use the pre- 
ferred agent, if any, where clinical considerations would 
recommend either equally. Ethical permission was 
obtained for a double-blind trial. 
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Material 


A cotton-wool ball (250 mg approximately) was placed 
into a number of amber glass bottles, of approximately 
10-ml capacity, numbered but otherwise identical. 
Either halothane or enflurane (0.5 ml) was put into 
each bottle in a random fashion. The code as to which 
bottle contained which agent was known only to the 
pharmacy, and was kept in sealed envelopes in the 
pediatric induction room (the code was to be broken 
if a child expressed a definite preference for a partic- 
ular numbered bottle, and that agent was then used 
for the child’s induction). One hundred twenty-five 
children, five years or older, scheduled for anesthesia 
on the next day, and without previous experience of 
anesthesia, were included in the study. 


Method 


A bucket of coded bottles, in jumbled array, was 
brought by the resident pediatric anesthetist on his 
preoperative visit. Each child was asked to choose two 
bottles at random. Each child was asked to open a 
bottle and sniff its contents. After thirty seconds, he 
or she was asked to open the other bottle. On each 
occasion, his or her reaction was noted and was placed 
by the observer in one of the categories “like”, “ac- 
cept”, “reject”. The child was then asked which bottle 
he or she preferred, which was recorded (a definite 
preference, no preference, or no difference detected). 
The observer stood at a distance from the child, which 
did not permit him to detect which agent was con- 
tained in either bottle. 


Results 


Table 1 shows that each bottled agent was assessed 
individually and then compared with the second bot- 
tle chosen by the child. Table 2 shows that of the 250 
bottles offered to the children, 129 contained halo- 
thane and 121 contained enflurane. We see that half 
the children liked the scent, one-quarter rejected it, 
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Table 1. Example of the Forms Used in the Study Detailing the Exact Words Spoken to the Child and Showing the 
Method of Recording the Results 





Name 
Number 
Date Bottle no. 


I want you to choose two bottles 
from this bucket. 

Now open one and sniff it. 

Now close it. 

(Wait thirty seconds.) 

Now open the other one and sniff 
that. 

OK Now close that. 


Which smell did you like best, the 1 
first bottle or the second? 


Rejects Accepts Likes 


2 No preference “Same smell” 


Table 2. Results Showing Childrens’ Opinions of the Scents Presented to Them and Demonstrating the Numbers of 
Bottles Containing Either Halothane (H) or Enflurane (E) Chosen 





“Likes” “Accepts” “Rejects” 
E 58 (47.93%) 35 (28.92%) 28 (23.14%) 121 
H 65 (50.38%) 34 (26.35%) 30 (23.25%) 129 


Total 


290 


Table 3. Results Obtained in the Four Possible Permutations of Scents Chosen Showing the Children’s Preferences, if 





any, for Halothane (H) or Enflurane (E) 
H+E 


13 preferred H 
9 preferred E 


E+H 


10 preferred E 
6 preferred H 
4 “no preference” 1 “no preference” 
8 “the same” 8 “the same” 
Total 34 25 


H + H E+E 


12 preferred Ist 

13 preferred 2nd 
2 “no preference” 
9 “the same” 


10 preferred 1st 

9 preferred 2nd 

2 “no preference” 
9 “the same” 


36 30 


and one-quarter were equivocal, whether the agent 
was halothane or enflurane. 

Of the 66 children who received similar bottles (Ta- 
ble 3), 22 preferred the first bottle, 22 preferred the 
second bottle, and 22 had no preference or thought 
they were the same. The order of presentation, there- 
fore, did not affect the preferences expressed. 

Of the 59 children who received both scents (either 
halothane followed by enflurane or enflurane fol- 
lowed by halothane), 23 preferred the first scent, 15 
preferred the second scent, and 21 had no preference 
or thought they were the same. Applying a statistical 
nonparametric sign test to these results, we find that 
the apparent preference, at first glance, for the scent 
in the first bottle offered is not statistically significant. 

Applying a y*-test (4 degrees of freedom) to the 
tabulation of results in Table 4, and taking as the test 
hypothesis that a patient has some preference for either 
halothane or enflurane there is no reason to reject the 
null hypothesis (x7 = 2.149; P = 0.29). 


Taking the figures in the right column of Table 4, 
we find an apparent preference for halothane. Ap- 
plying a nonparametric sign test (two-tailed) to these 
figures, we find we can reject the hypothesis that the 
apparent preference for halothane is statistically 
significant. 


Discussion 


Two conclusions are possible from the results ob- 
tained in this study. First, enflurane and halothane 
have odors that are indistinguishable to children. This 
is refuted by common experience. Second, neither 
agent has a more generally acceptable odor than the 
other. This would appear to dispel the myth that the 
odor of enflurane, being an ether, is more pungent 
than that of the hydrocarbon, halothane. Thus the 
decision as to which of the anaesthetic agents should 
be used need not be influenced by considerations of 
patient acceptability generally. 
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Table 4. Summary of Results Showing Preferences, if any, for Halothane (H) or Enflurane (E) 








H+H E+H H+ HorE+E 
Preferred H 13 6 25 44 
Preferred E 9 10 19 38 
“No preference’/‘the same” 12 9 22 43 
Total 34 25 66 125 





However, individual patients may express very 
marked preferences for one or the other agent. In 
another group of children requiring multiple brief an- 
esthetics, gas mixtures containing enflurane and hal- 
othane were presented and a preference sought. Al- 
though this was an uncontrolled study open to observer 
bias, it is interesting that these knowledgeable, ex- 
perienced children also show a preference for one, 
another, or neither agent in approximately equal pro- 
portions (WR Hain, unpublished observations). 

Toward the end of the 6-week period of the trial, 
some children volunteered that there was no odor 
from a chosen bottle. These children were excluded 
from the trial. Our pharmacist studied this apparent 
loss of agent with time and concluded that loss does 
occur from the bottles, more quickly from the bottles 
containing halothane than those containing enflur- 
ane. However, the effect was marginal at room tem- 
perature, and differences between the two agents be- 
came significant only when the bottles were 
refrigerated. He found that the mean loss after 28 days 
at room temperature was 13.3% for both halothane 
and enflurane. This had no apparent effect on detec- 
tion of the odor. 

Of the 66 children who sniffed the same agent twice, 
44 (two-thirds) expressed a preference for either the 
first or the second bottle. Conversely, of the 59 chil- 
dren who sniffed both agents, 21 (approximately one- 
third) either had no preference or thought they were 
the same. 

One advantage of conducting this study was that 
in those children who expressed a preference, anes- 
thesia was induced with their preferred agent. We 
had the strong clinical impression that, possible be- 
cause the children had experienced the anesthetic odors 


beforehand, inhalation induction was often supris- 
ingly calmly accepted by the child. A willingness to 
establish and allow the child his preferences may, in 
this as in other aspects of induction, assist both pa- 
tient and anesthetist. 

In summary, a double-blind trial was conducted in 
which 125 children were asked to sniff bottles con- 
taining a small amount of either halothane or enflur- 
ane. No apparent general preference was expressed 
for either agent by the group of children, although 
some individuals had decided preferences. Decisions 
as to whether to administer halothane or enflurane 
in children should, by and large, be based on factors 
other than patient preference because there is no sig- 
nificant preřerence among children for either. This 
study dispeis the myth that a halogenated ether, in 
the form of enflurane, is more pungent than the hy- 
drocarbon, halothane. 


Our thanks are due to Mr. B. Kirk, Staff Pharmacist, Queen’s Med- 
ical Centre, Nottingham; and to Mr, P. J. Byrne, Trinity College, 
Dublin, who helped with the statistics. 
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Prolonged Myoclonus after Etomidate Anesthesia 


Thomas P. Laughlin, MD, and Leslie A. Newberg, MD 


Etomidate (a carboxylated imidazole derivative) is a 
new ultra-short-acting hypnotic induction agent that 
provides several advantages for use in high-risk pa- 
tients. Induction with etomidate with a single bolus 
injection is characterized by the rapid onset of hyp- 
nosis within 1 min and a duration of action of 3-5 
min (1). There is no tolerance or cumulation effect 
with repeated administration because etomidate is 
rapidly metabolized in the liver to inactive com- 
pounds (2). Etomidate does not cause histamine re- 
lease (3) and maintains cardiovascular stability during 
induction in healthy patients (4-6) and in patients 
with cardiac disease (7,8). 

Reported side effects of etomidate noted during 
induction include pain on injection (20%) (9,10), ap- 
nea lasting 5-90 sec (11), and myoclonia (36%) (9,10). 
Although the myoclonia may resemble convulsive sei- 
zures, it is not considered ‘hazardous and appears to 
be a manifestation of disinhibition of subcortical struc- 
tures (12). In this it resembles the myoclonus occur- 
ring during natural sleep. Recently, etomidate has 
been reported to suppress adrenocortical function 
postoperatively (13). 

Etomidate has also been shown to be effective and 
safe when used as part of a total intravenous anes- 
thesia using a constant infusion of etomidate for main- 
tenance of anesthesia with fentanyl for analgesia. This 
technique has been used successfully without inci- 
dent in gynecological (14), general (15), and major 
vascular surgery (16). Constant infusion doses range 
from 0.018 mg-kg™ «min? (16) to 0.02 mgkg` -min ~! 
(17). 

Because etomidate has also been reported to lower 
cerebral blood flow and metabolism (18) it has been 
considered advantageous for neurosurgical proce- 
dures. We report a neurosurgical case using a con- 
stant infusion of etomidate for hypnosis with sup- 
plemental boluses of fentanyl] for analgesia that resulted 
in prolonged myoclonus on emergence. 
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Case Report 


A 75-yr-old 88-kg male (ASA physical status IJ) with 
a 3-year history of right leg sciatica and poorly local- 
ized right pedal paresthesia was admitted for neu- 
rosurgical evaluation. He had no significant past med- 
ical history. Physical examination on admission was 
unremarkable, including a completely normal neu- 
rologic examination. The patient underwent an ex- 
ploration of L4-5 with discectomy and an L4-5 
laminectomy. 

The patient received 50 mg of diphenhydramine 
intramuscularly 2 hr before surgery. Induction of 
anesthesia was achieved using etomidate 26 mg (0.3 
mg-kg~' and 0.25 mg fentanyl. After administration 
of 120 mg of succinylcholine (1.4 mg-kg~*) the trachea 
was sprayed with 4 ml 4% lidocaine and intubated 
wiih a 9-mm endotracheal tube. Pancuronium (8 mg) 
was given. Five minutes after the initial induction 
bolus of etomidate, an infusion of etomidate (500 mg 
in 500 ml 5% dextrose in half normal saline) was started 
using an IVAC drip counter at a rate of 102 mg-hr7' 
(~ 0.02 mg-kg~’smin~ t) for maintenance of anesthesia 
with 50% nitrous oxide in O2. Ventilation was con- 
trolled to maintain end-tidal CO, at 35-40 mm Hg as 
measured by a mass spectrometer. Blood pressure 
was monitored continuously through a catheter in the 
left radial artery; systolic arterial pressure was kept 
between 120-140 mm Hg. The ECG was also moni- 
tored continuously and a nasopharyngeal thermistor 
inserted. Fentanyl was administered intermittently 
when systolic pressure increased above 140 mm Hg 
or when heart rate increased as a reflection of in- 
creased sympathetic activity. 

The etomidate infusion was turned off approxi- 
mately 20 min before the end of the 4 hr operation. 
The patient received a total of 350 mg etomidate (26 
mg bolus for induction plus 0.0184 mg-kg~ *-min~* for 
209 min) and 0.475 mg fentanyl during the operation. 
The patient received 1100 ml of 5% dextrose in lactated 
Ringer’s solution, 1 unit of fresh frozen plasma and 
6 units of platelets. Paralysis from neuromuscular 
blockade was reversed at the end of the operation 
with 3 mg of neostigmine and 1.2 mg of atropine. 
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When the patient demonstrated spontaneous respi- 
rations and intact respiratory reflexes, he was 
extubated. 

The patient was, however, unresponsive to verbal 
commands although gross movement was present in 
all four extremities. Upon arrival in the recovery room, 
30 min after termination of the etomidate infusion, 
the patient remained unresponsive to command but 
began having purposeless twitches in the face and all 
four extremities, the latter soon progressing to myo- 
clonic movements requiring four point restraints used 
for the patient's protection. 

The blood glucose level was 110 mg/dl, arterial Po, 
and Pco, were 102 and 40 mm Hg, respectively, ar- 
- terial pH was 7.38, HCO3~ 23 mEq/L, Na* 137 mEq/L, 
K* 3.2 mEq/L, and hemoglobin 12.3 g%. His tem- 
perature was 36.5°C. The myoclonic movements con- 
tinued, but after 1 hr, the patient exhibited some pur- 
poseful movement and could converse minimally but 
did not obey commands. 

Seventy-five minutes after arrival in the recovery 
room the myoclonic movements began to decline in 
intensity and for the first time the patient could follow 
simple commands such as moving his toes and hands. 
The myoclonic activity ceased 2.5 hr after discontin- 
uation of the etomidate infusion. 

When interviewed 10 hr after discharge from the 
recovery room the patient had no recall of postop- 
erative events. Physical examination, including a neu- 
rologic examination, was unremarkable. 


Discussion 


Studies that have used a constant infusion of etomi- 
date for anesthesia all report easy arousability and 
minimal postoperative side effects. Rocke et al. (14) 
reported a waking time of 16.6 min (range 1-125 min) 
and time to patient communication of 30.4 min in 
patients after a mean duration of anesthesia of 87 min 
with a mean dose of 90.2 mg of etomidate and 0.375 
mg of fentanyl. All patients had uneventful stays in 
the recovery room. Florence (16) reported a total dose 
of 200-546 mg etomidate (0.0182 mgkg~ '«min~') and 

1.5-3.0 mg fentanyl during major vascular surgery. 
Postoperatively these patients remained drowsy for 
several hours but were rousable. No other side effects 
were noted. 

Our patient received 350 mg etomidate (0.018 
mg-kg~‘min~1) and 0.475 mg fentanyl, which are 
within the ranges of etomidate and fentanyl used by 
Florence (16) and Fragen et al. (17). However he ex- 
perienced myoclonus for a prolonged period during 
his emergence from etomidate anesthesia. 

Myoclonus has only been reported to occur during 
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induction of anesthesia with etomidate. In the awake 
state the involuntary movements of myoclonus, which 
are produced in the extrapyramidal motor system, are 
normally prevented by inhibition from the cortex. 
During anesthesia, etomidate is believed to suppress 
these inhibiting cortical influences, thereby allowing 
the myoclonus. This myoclonus can be suppressed 
by treatment with diazepam or fentanyl, the main 
sites of action of which are in subcortical structures 
including the extrapyramidal motor system (12). 

The occurrence of myoclonus on emergence from 
etomidate anesthesia has not been reported previ- 
ously. When etomidate is used only for the induction 
of anesthesia, it is assumed that rapid redistribution 
and enough metabolism of etomidate takes place be- 
fore the end of the operation that anesthesia of the 
cortex by etomidate is no longer present so that any 
myoclonus can be inhibited by the cortex. When 
etomidate is administered as a continuous infusion, 
other drugs given concurrently may inhibit the extra- 
pyramidal system to prevent myoclonus. If etomidate 
is the primary anesthetic, it is postulated that myo- 
clonus could occur when awakening from anesthesia 
if the extrapyramidal system emerged more quickly 
than the cortex that inhibits it. The time sequence of 
myoclonus and arousal observed in our patient sup- 
ports this premise. On termination of the etomidate 
infusion no myoclonus was observed, indicating 
anesthesia of both the extrapyramidal system and the 
cortex. With time the myoclonus appeared, indicating 
emergence of the extrapyramidal system but residual 
anesthesia of the cortex. When the patient was fully 
awake the myoclonus disappeared. 

It is concluded that myoclonus as an effect of the 
use of a continuous etomidate infusion for anesthesia 
may have adverse consequences in neurosurgical pa- 
tients in whom adequate postoperative neurological 
evaluation may be delayed or hindered by the pres- 
ence of sustained myoclonus. 
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Obstetrical Lumbar Epidural Anesthesia in Patients with Previous 
Posterior Spinal Fusion for Kyphoscoliosis 


Gary Feldstein, MD and Sivam Ramanathan, MD 


Lumbar epidural anesthesia (LEA) may be difficult 
theoretically in patients with previous extensive spinal 
surgery, not only because it may be technically dif- 
ficult to accomplish, but also because the spread of 
local anesthetics might not be complete in the epidural 
space. Therefore, some anesthesiologists consider 
previous spinal surgery a relative contraindication to 
LEA. Recently, sporadic reports have appeared de- 
scribing the use of LEA in patients with anatomic 
abnormalities of the spinal column (1). This report 
describes the use of LEA in three patients who have 
had extensive spinal surgery for idiopathic 
kyphoscoliosis. 


Case 1 


A 25-yr-old primigravida was referred to us by her 
obstetrician. The patient had posterior spinal fusion 
done from the T4 to L2 level with Harrington rod 
stabilization 12 years ago. Postoperative pulmonary 
function was within normal limits and the patient had 
no neurologic symptoms. The patient was 6 months 
pregnant and the obstetrician was contemplating a 
cesarean section because of pelvic deformity. The pa- 
tient refused general anesthesia. She was prepared to 
have the cesarean section under local anesthesia, if 
LEA was not possible. At the time of consultation, 
we discussed with her the theoretical difficulties that 
might be encountered during administration of LEA 
to patients with previous spinal surgery. She agreed 
to a spinal anesthetic in the event that LEA was dif- 
ficult to achieve. 

On the day of surgery, the patient weighed 69 kg 
and was 150 cm tall. She was given one liter of Ring- 
er’s lactate solution intravenously. She was placed in 
the left lateral decubitus position, with the operating 
table horizontal. The incisional scar in her back ex- 
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tended approximately from the T3 level to the upper 
border of the L3. The L3-4 intervertebral space was 
easily palpable and the epidural space was identified 
without difficulty at the L3—-4 space using a 17-gauge 
Hustead needle by loss of resistance technique. After 
a 3-ml test dose of 1.5% lidocaine with 1:200,000 ep- 
inephrine, 12 ml of the same local anesthetic solution 
was injected through the needle. A Portex epidural 
catheter was then threaded easily 3 cm into the space 
and an additional 4 ml of the anesthetic solution was 
given through the catheter. All sacral and lumbar, and 
the lower six thoracic dermatomes were anesthetic to 
pinprick in 15 min and surgery proceeded unevent- 
fully. There were no postoperative complications. 


Case 2 


A 31-yr-old, 32-week pregnant primigravida was re- 
ferred to us by her obstetrician for prenatal consul- 
tation. The patient had a posterior spinal fusion done 
from the T4 to L4 level (without a Harrington rod) for 
idiopathic kyphoscoliosis at the age of 16. She ex- 
pressed a desire to have epidural analgesia during 
labor. We discussed with the patient the potential 
problems with epidural anesthesia as we had done 
with the first case. She went into labor when 38 weeks 
pregnant, at which time she weighed 70 kg and was 
156 cm tall. A combination of 50 mg of meperidine 
and 25 mg of promethazine was administered intra- 
venously twice during the course of labor without 
adequate pain relief. The patient was extremely anx- 
ious and agitated when the cervical dilation reached 
8 cm. The patient was placed in the left lateral de- 
cubitus, with the bed horizontal and a 17-gauge Hu- 
stead needle was inserted into the epidural space with 
ease at the L4—5 interspace, using the loss of resist- 
ance technique. A Portex epidural catheter was in- 
serted 3 cm into the space without difficulty. After a 
3-ml test dose of 1.5% lidocaine with 1:200,000 epi- 
nephrine, 4 mi of the same local anesthetic solution 
was injected. A sensory level of T9 was achieved with 
a good relief of pain during labor. The analgesia lasted 
approximately 80 min. A second dose of 13 ml of the 
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. game anesthetic solution was then injected in the sit- 
ting position to facilitate a low forceps delivery. This 
dose anesthetized all the sacral and lumbar roots and 
the lower three thoracic roots. There were no post- 
operative complications. 


Case 3 


This 21-yr-old-primigravida (150 cm tall and weighing 
56 kg) was not evaluated in the prenatal period. She 
went into labor and, when her cervix was 4-cm di- 
lated, requested epidural analgesia. She had had a 
spinal fusion from T2 to L2 for idiopathic kyphosco- 
liosis 6 years earlier. The patient was placed in the 
right lateral decubitus position, with the bed hori- 
zontal. The epidural space was easily identified at 
L3-4 space by loss of resistance technique using a 17- 
gauge Hustead needle. The epidural catheter was 
threaded 3 cm into the space without difficulty. Seven 
ml of 1.5% lidocaine with epinephrine 1:200,000 
produced a T8 level of analgesia in approximately 5 
min. She, however, required cesarean section because 
of fetal heart rate deceleration, for which 22 ml of 
1.5% lidocaine with epinephrine was injected in di- 
vided doses to produce a sensory level of T4. The 
neonatal Apgar scores were 9 and 10 at 1 and 5 min 
after delivery, respectively. There were no postop- 
erative complications. 


Discussion 


These case reports show that LEA can be both safe 
and effective for relief of pain during labor and for 
cesarean section anesthesia in patients who have had 
surgery for kyphoscoliosis. The incidence of scoliosis 
reported in routine screening of school children is 
13.6% (2). Although spinal curvatures of less than 10 
degrees are found equally in males and females, cur- 
vatures of greater than 20 degrees that require treat- 
ment are as much as seven times more frequent in 
females. Recent refinements in the surgical and an- 
esthetic techniques have improved the safety of sur- 
gical correction of idiopathic scoliosis. Thus the ob- 
stetrical anesthesiologists may be presented more 
frequently with such patients in the future. 

The objective of posterior spinal fusion is to create 
a bony fusion of the spinal curve (3). The upper end 
of the bone fusion extends to the nonrotated vertebra 
just above the rotated vertebra. All rotated vertebrae 
are included in the fusion, and the lower end of the 
fusion includes the first nonrotated vertebra that is 
parallel in all its axes to the first sacral vertebra. Vir- 
tually no fusions extend below L4. Harrington rods 
are usually inserted to produce internal stabilization 
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of the fused mass. This is done by first inserting the 
upper hook of the rod in the facet joint of the up- 
permost vertebra to be fused while the lower hook is 
inserted under the lamina of the lowest vertebra to 
be fused. All joint facets between the vertebrae are 
then excised, the laminae and transverse processes 
are decorticated, and the spinous processes together 
with interspinous soft tissues are removed. The de- 
fects thus created in the facet area and the spinous 
processes are filled with autogenous bone plugs. The 
Harrington distraction rod is inserted on the concave 
side, and the compression assembly on the convex 
side of the curvature (3). The compression assembly 
is anchored by individual hooks at T5—12 vertebrae. 
The two lowermost hooks are inserted under the lam- 
inae. Fusions usually take seven to ten months for 
proper healing. A fusion is deemed solid when ver- 
tical trabeculae are evident throughout the fusion mass, 
best seen on supine detail oblique views (3). 

Before a decision is made to administer epidural 
anesthesia in patients with previous surgery for ky- 
phoscoliosis, one should consider the following po- 
tential problems: 5-10% of patients may have per- 
sistent back pain even after corrective back surgery 
(2) and regional anesthesia in such individuals with 
residual, persistent back pain could result in litigation; 
the corrective surgery may not relieve pulmonary dys- 
function and epidural anesthesia may cause further 
impairment by affecting the intercostal muscles (4); 
insertion of the epidural needle through the midline 
or lateral approach in the fused area will not be pos- 
sible because of the presence of both scar tissue and 
bony mass; no spinous processes will be felt in the 
fused area; because the scar due to surgical incision 
usually extends below the fused vertebra, the inser- 
tion of the needle into the interspace just below the 
lower end of the rod may be difficult, and finally; the 
ligamentum flavum may be accidentally injured either 
during surgical decortication of the laminae or inser- 
tion of the lower hooks of distraction and contraction 
rods and the resulting scar tissue may, by producing 
narrowing of the epidural space, interfere with the 
spread of local anesthetic solutions injected into the 
epidural space (5,6). For example, Schachner and 
Abram (7) described a case in which scarring from 
intervertebral disc disease prevented the spread of 
local anesthetic below the L5 level. They used a sec- 
ond epidural catheter at the L4—5 level to produce 
adequate analgesia. 

None of our three patients had neurologic or pul- 
monary problems after surgery for kyphoscoliosis. All 
were aware of the potential problems with epidural 
anesthesia. Roentgenograms of the spine were avail- 
able, which enabled us to accurately assess the lowest 
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nonfused vertebra. In all three patients, we could feel 
a free intervertebral space below the lower end of the 
incisional scar. The insertion of the epidural needle 
and the threading of the catheter into the epidural 
space were easily accomplished. The onset of action, 
the spread, dose requirement, the highest sensory 
level, and the duration of action of the local anesthetic 
solutions were not different from what we have seen 
in normal patients in our institution. None developed 
postoperative complications. 

Other authors have used epidural anesthesia in 
analagous situations. Crawford et al. (1), for example, 
described use of LEA in patients who had had a spinal 
laminectomy and vertebral fusion for kyphoscoliosis. 
Their report did not, however, specify the type or 
extent of surgery. Vaagenes and Fjaerestad (8) re- 
ported the use of LEA in a patient who had a men- 
ingocele removed in childhood from her lumbosacral 
spine. Carlson et al. (9) also used LEA without prob- 
lems in an obstetrical patient with severe uncorrected 
idiopathic kyphoscoliosis, and Walpole (10) used LEA 
for labor and delivery in a patient who had a Meureig 
Williams plate inserted from the L1 to L4 vertebrae. 
However, to our knowledge, no one has reported the 
use of LEA in patients who have had extensive pos- 
terior spinal fusion. We used LEA safely and effec- 
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tively in three patients who had had corrective sur- 
gery for idiopathic kyphoscoliosis. 
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Subarachnoid Hemorrhage and Intraoperative Electrocardiographic 
Changes Simulating Myocardial Ischemia— 


Anesthesiologist’s Dilemma 


Satwant K. Samra, MD, and Donald A. Kroll, MD, PhD 


Since 1947 when Byer et al. (1) first reported an as- 
sociation between cerebral hemorrhage and electro- 
cardiographic (ECG) changes, many other reports de- 
scribing a variety of electrocardiographic patterns 
including those of myocardial ischemia and infarction 
after an intracranial hemorrhage have been reported 
in the cardiologic and neurologic literature. How- 
ever, we are not aware of reports of similar intra- 
operative changes occurring in patients having clip- 
ping of cerebral aneurysms. In this report we describe 
a case that presented a diagnostic dilemma after in- 
duction of anesthesia. This patient required three sep- 
arate anesthetic managements over a period of four 
weeks and posed problems of diagnosis and man- 
agement because of ECG changes suggestive of acute 
myocardial ischemia associated with subarachnoid 
hemorrhage. This case demonstrates the advantages 
and disadvantages of cancelling surgery versus pro- 
ceeding with surgery. 


Case Report 


Our patient was a 76-yr-old woman who had been 
suffering from bifrontal headaches for approximately 
3 months. On the day of admission, the headaches 
became more severe and she started vomiting. During 
_ transport by ambulance to a community hospital, she 
had an episode of ventricular tachycardia followed by 
ventricular fibrillation with spontaneous conversion 
to sinus rhythm, followed in turn by sinus rhythm 
with premature ventricular beats (PVBs) and then si- 
nus tachycardia with a rate of 160 beats/min. Ven- 
tricular ectopy was treated with 100 mg lidocaine given 
intravenously. A brief episode of unconsciousness, 
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urinary incontinence, and vomiting also occurred 
during transport to the hospital. 

On arrival in the emergency room, the patient was 
conscious and complained of generalized malaise. She 
reported a two-year history of hypertension and a 
hiatal hernia associated with heartburn. Current med- 
ications included propranolol 15 mg twice a day for 
hypertension, and Donnatol and Anacin as needed 
for headaches. 

On physical examination the patient was moder- 
ately obese (height 150 cm, weight 80.5 kg), her blood 
pressure ranged from 122/80 to 140/90 torr; pulse 84-92 
beats/min; respiration 16-29 beats/min. The only ab- 
normal findings were bibasilar rales and altered neu- 
rological status with drowsiness and confusion but 
no focal neurological deficit. Hematological studies 
were normal, as were serum electrolyte levels. The ` 
chest x-ray showed cardiomegaly and possible left 
lower lobe atelectasis but no infiltrates. The electro- 
cardiograph (ECG), shown in Figure 1, was inter- 
preted as possible anteroseptal myocardial infarction 
(MI) of indeterminate age. 

A provisional diagnosis of subarachnoid hemor- 
rhage (SAH) was made and a cerebral angiogram and 
CAT scan were done. The angiography revealed a 6 
x 6 x 12 mm aneurysm of left internal carotid artery 
in its supraclinoid segment and moderate ventricular 
dilation, which was also confirmed by CAT scan. The 
patient was transferred to the neurosurgical intensive 
care unit. A right radial arterial catheter was inserted 
for blood pressure monitoring. She remained hemo- 
dynamically stable. 

Thirty-six hours after admission, the patient com- 
plained of headache and was scheduled for crani- 
otomy for aneurysm clipping. She was brought to the 
operating room where monitoring of ECG and arterial 
pressure was started. Blood pressure was 145/80 torr 
and heart rate 70 beats/min with normal sinus rhythm. 
The patient was sedated by intravenous injection of 
5 mg diazepam and 100 wg fentanyl. Anesthesia was 
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Figure 1. eer electrocardiogram with possible old anterior 
septal infarction. No evidence of acute ischemia. 
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induced with 100 mg thiamylal sodium and 7 mg pan- 
curonium bromide. The trachea was intubated and 
mechanical ventilation with 50% nitrous oxide in ox- 
ygen was started. A lumbar subarachnoid catheter 
was inserted (for drainage of cerebrospinal fluid) and 
frankly blood stained cerebrospinal fluid was with- 
drawn. Thirty minutes after induction of anesthesia, 
but prior to surgical incision, a change in the ECG 
with ST segment and T-wave changes suggesting 
myocardial ischemia (Fig. 2) was noticed. The blood 
pressure was 90/60 torr with a heart rate of 60 beats/min. 
Fluid challenge increased blood pressure to 100/70 
torr. Sublingual nitroglycerin was given with no change 
in ECG. Arterial blood-gas tensions at this time in- 
cluded a pH of 7.4, PacO2 of 32.2 torr and a Pao, of 
242.7 torr, while being ventilated with 100% oxygen. 
After consultation with the neurosurgeons, it was de- 
cided not to proceed with surgery and the patient was 
taken to the recovery room. The cardiology consultant 
suggested that the ECG changes, although suggestive 
of acute ischemia, could possibly be due to subarach- 
noid bleeding. He recommended that a multiple gated 
acquisition (MUGA) scan, serial measurement of serum 
enzyme levels, and repeated ECGs be done to deter- 
mine the extent of myocardial damage. After one hour, 
neuromuscular block was reversed. The patient was 
extubated and transferred to the intensive care unit 
(ICU). During the rest of the day, the patient’s sen- 
sorium was waxing and waning. Later that evening, 
the MUGA scan revealed a left ventricular ejection 
fraction of 53% and apical, inferior wall and septal 
hypokinesis consistent with ischemic heart disease. 
The patient gave additional history of exertional dysp- 
nea and questionable angina. The cerebral angiogram 
and CAT scan were repeated and showed the aneu- 
rysm as before with no vasospasm and unchanged or 
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Figure 2. Intraoperative EKG showing symmetrical T-wave inver- 
sion in chest leads and ST segment elevation in leads II, HI, and 
AVF. 
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minimally increased size of intracranial ventricles. A 
ventriculostomy was performed to monitor intracran- 
ial pressure (ICP). 

Over the next 48 hr, serum levels of lactate dehy- 
drogenase (LDH), creatine phosphokinase (CPK), and 
creatinine kinase MB (CK-MB) were measured every 
6 hr. LDH and CPK levels remained within normal 
limits and none of the samples showed presence of 
CK-MB. ECG changes resolved over the next few days. 
The patient’s sensorium was variably obtunded and 
there was a questionable seizure. The ICP remained 
low, and a pulmonary artery catheter was inserted. 
A volume expansion regimen for management of ce- 
rebral vasospasm as recommended in neurosurgical 
literature (25) was started to maintain a pulmonary 
capillary wedge pressure (PCWP) of 15-19 torr. Sev- 
enty-two hours after admission the patient became 
comatose and required tracheal intubation and me- 
chanical ventilation. Another cerebral angiogram now 
showed severe vasospasm of the intracranial internal 
carotid circulation, and the patient remained coma- 
tose for five days before she started showing a slight 
improvement in her sensorium. After two weeks she 
was more alert and the endotracheal tube was re- 
moved. She continued to improve somewhat and was 
scheduled for a ventriculo-peritoneal shunt 21 days 
after the initial intracranial hemorrhage. By this time, 
the ECG showed upright T-waves in all chest leads. 

On arrival in the operating room prior to induction 
of anesthesia, T-wave inversion in V5 was noted. It 
was decided to proceed with surgery. A pulmonary 
artery catheter was inserted and PCWP was found to 
be 10 torr and cardiac output 5.10 L/min. Anesthesia 
was induced with 250 ug fentanyl and 50% nitrous 
oxide in oxygen. The trachea was intubated after pa- 
ralysis with pancuronium. She required two injec- 


88 ANESTH ANALG 
1985;64:86-9 


tions of 5 mg ephedrine for transient decreases in 
blood pressure prior to surgical incision. Anesthesia 
was maintained with 50% nitrous oxide in oxygen and 
0.2-0.5% isoflurane. Because S5T-depression and T- 
wave inversion persisted, a nitroglycerin infusion was 
continued throughout most of the surgery. T-wave 
inversion persisted throughout surgery despite 
administration of intravenous nitroglycerin. T-wave 
inversion resolved 24 hr postoperatively. Propranolol 
was used to control an increasing heart rate to 95 
beats/min. Paralysis was reversed at the end of the 
procedure, but the patient was left intubated for the 
next 2 hr until full recovery of sensorium. Postoper- 
atively, ECGs and enzymes were again taken for 48 
hr to rule out myocardial infarction. Her neurological 
status started showing a slow improvement over the 
next week and ECG changes improved. 

Four weeks after the initial SAH and one week after 
the ventriculo-peritoneal shunt the neurosurgeon de- 
cided that she would benefit from aneurysm clipping. 
Once again after establishing monitors of systemic 
and pulmonary arterial pressures and cardiac output, 
anesthesia was induced with 350 ug fentanyl, re- 
quiring supplementation by vasopressors twice be- 
fore incision. The subsequent 9-hr course of anes- 
thesia and surgery was unremarkable. No acute 
changes in ECG were noticed even when blood pres- 
sure was deliberately lowered to a mean arterial pres- 
sure of 50 torr for nearly 1 hr to facilitate clipping of 
the aneurysm. Postoperatively, she was mechanically 
ventilated overnight and extubated the next morning. 
By the next evening, the patient responded to verbal 
commands and was discharged from.the ICU 3 days 
after surgery. Her sensorium slowly improved and 
she was discharged from the hospital 5 weeks after 
initial admission. She came for follow-up 6 months 
later without any focal neurological deficit but re- 
quired further follow-up and treatment for dilantin 
toxicity. 


Discussion 


In 1947, Byer et al. (1) reported an association between 
cerebral hemorrhage and electrocardiographic changes 
consisting of prolongation of the Q-T interval and 
large T-waves. An electrocardiographic pattern sim- 
ulating myocardial infarction was reported in asso- 
ciation with subarachnoid hemorrhage in a woman 
with a normal heart at autopsy by Levine in 1953 (2). 
Although the most common electrocardiographic 
changes found in association with central nervous 
system lesions were first reported to be prominent T- 
waves, long Q-T intervals, and large U-waves (1,3,4), 
subsequent reports have confirmed that infarct pat- 


CLINICAL REPORTS 


terns without myocardial damage (2,5-8), and sub- 
endocardial hemorrhage or myocardial ‘infarctions 
(9-13) may also occur in association with subarach- 
noid hemorrhage. The association: ‘between cardiac 
arrhythmias, myocardial damage, and intracranial 
hemorrhage has been reviewed by Weidler (14). 

The electrocardiographic changes occurring in our 
patient were remarkably similar to those reported by 
Cropp et al. (15). Their patient was a 55-yr- old woman 
with an intracranial hemorrhage. Because of the di- 
agnosis of acute myocardial infarction by electrocar- 
diographic criteria, surgery was not performed, al- 
though subsequent autopsy findings demonstrated a 
completely normal heart. We were likewise misled 
into delaying surgery by electrocardiographic changes 
resembling acute subendocardial infarction. Subse- 
quent resolution’of ECG changes and absence of serum 
CK-MB over the next 48 hr suggested ‘that our patient 
did not have myocardial infarction. Although it is 
possible that a small subendocardial infarction may 
not always be associated with abnormal levels of the 
serum isoenzymes, measurement of serum CK-MB 
isoenzyme has nevertheless been recommended as 
the most useful test for myocardial necrosis (16). Sub- 
sequent clinical course in our patient is also suggestive 
of absence of an acute myocardial infarction. T-wave 
inversion was again seen prior to induction of anes- 
thesia 2 weeks later, but this time we decided to ig- 
nore it and she tolerated the surgical procedure with- 
out cardiovascular complications. Four weeks after 
the initial episode, she also tolerated a 9-hr operation 
including 1 hr of induced hypotension, without car- 
diovascular complications. 

Because patients with cerebrovascular disease often 
have risk factors for coronary artery disease and may 
have a history of myocardial infarction, noninvasive 
cardiac evaluation, or even cardiac catheterization, 
may not be helpful in distinguishing the catise of 
electrocardiographic changes suggesting acute myo- 
cardial ischemia or infarction. In some cases there is 
considerable risk of cerebral damage and further neu- 
rological deficit if surgery is delayed. Further confus- 
ing the diagnosis is the possibility that the SAH is 
causing myocardial damage (14,17—20), presumably 
due to a massive release of catecholamines (21,22). 
Cruickshank et al. (20) have shown a strong corre- 
lation between high urinary levels of catecholamines 
and T-wave inversion, the presence of Q-waves, and 
prolongated Q-Tc interval in patients suffering from 
SAH. In their study it was considered likely that high 
urinary levels of catecholamines arise from hypotha- 
lamic stimulation due to presence of blood in the lat- 
eral ventricles. Thus the anesthesiologist is con- 
fronted with three possible explanations for such 
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electrocardiographic changes: acute myocardial in- 
farction coincidental with subarachnoid hemorrhage; 
acute myocardial infarction caused by subarachnoid 
hemorrhage; and electrocardiographic changes with- 
out acute myocardial infarction. There are also three 
possible surgical considerations: surgery can be de- 
layed without risk; surgery cannot be delayed without 
risk; and surgery is imperative for survival. 

When surgery is considered imperative for sur- 
vival, the operation should proceed with invasive 
hemodynamic monitoring and very careful assess- 
ment of the need for hypotensive techniques. When 
surgery can be delayed without risk, we recommend 
noninvasive cardiac studies and serial cardiac enzyme 
determinations in an attempt to rule out acute myo- 
cardial infarction prior to surgery. When there is a 
risk associated with delaying surgery, we believe that 
increased awareness by the anesthesiologists that the 
electrocardiographic changes may be unassociated with 
true myocardial infarction or that the hemorrhage may 
be, in fact, causing a myocardial infarction, will lead 
to improved risk~benefit analysis, prevent unneces- 
sary delays in operative intervention, and favorably 
influence the choice of anesthetic technique. Hunt 
and Gore (23) have shown that administration of pro- 
pranolol decreases the frequency of myocardial le- 
sions in a rat model of SAH. Neil-Dwyer et al. (24) 
have studied the effect of administration of propran- 
olol and phentolamine on the clinical course of SAH 
in a double-blind study and have shown that these 
drugs may have a cardioprotective effect. Our patient 
was receiving propranolol preoperatively for control 
of hypertension; we are not certain to what extent this 
might have been helpful. 

In summary, this case illustrates that patients with 
subarachnoid hemorrhage can present with ECG 
changes suggestive of and indistinguishable from those 
due to acute myocardial ischemia and infarction. Post- 
ponement of surgery in this situation may not be in 
the best interest of the patient and may result in an 
increase in neurological deficit. 
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Letters to the Editor 


Anaphylaxis to Chymopapain after 
Antihistamine Pretreatment 


To the Editor: 


Bruno et al. have described a case of hypotension with a 
test dose of chymopapain (1). Although they did a superb 
job of treating the anaphylactic reaction once it was rec- 
ognized, they did not use their invasive monitoring to rec- 
ognize the impending anaphylactic reaction in advance by 
appropriate analysis of the early hypotension that occurred. 
One also wonders why an additional dose of chymopapain 
was administered after the reaction to the test dose. The 
purpose of pretreatment with both H, and H, receptor 
blockers is not to prevent an anaphylactic reaction but rather 
alter the dose-response curve to histamine. Histamine re- 
lease appears to produce the initial hypotension associated 
with anaphylactic reactions (2). A decrease in mean arterial 
pressure from 94 to 70 mm Hg although “mild and slow” 
is quite significant and indicates substantial histamine re- 
lease, especially in view of pretreatment. Furthermore, an- 
tihistamines and even corticosteroids may not prevent sec- 
ondary mediator release after activation of mast cells and 
basophils to release other important secondary mediators 
such as leukotrienes and prostaglandins. Further hypoten- 
sion ensuing approximately 25 min after the initial chy- 
mopapain dose suggests that the unstored synthesized me- 
diators were in fact being released (3). 

Early prompt recognition and aggressive therapy are cru- 
cial to treating potentially life-threatening reactions as ob- 
served in the case reported by Bruno etal. Anesthesiologists 
must realize the use of antihistamines may alter the initial 
hypotensive response during anaphylactic reactions. There- 
fore even subtle changes in arterial pressure must be treated. 


Jerrold H. Levy,MpD 
Section of Anesthesiology 
The Emory Clinic 

1365 Clifton Road, NE 
Atlanta, GA 30322 
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Relating Knowledge and Clinical 
Competency Skills 


To the Editor: 


Results of the study by M. Sivarajan et al. (Objective eval- 
uation of clinical performance and correlation with knowl- 
edge. Anesth Analg 1984;63:603-7), were doubtlessly not 
surprising to the authors or other faculty heavily involved 
in clinical education. The study concluded that no corre- 
lation existed between subject matter knowledge and re- 
lated psychomotor skills. 

To provide a different conceptual perspective on the sig- 
nificance of these results, a simple statistical manipulation 
(squaring the r value to determine the extent of shared 
variance) shows that less than 5% of the residents’ skill 
performance could be explained or attributed to their the- 
oretical knowledge. These findings have broad implications 
for clinical anesthesia education beyond the authors’ infer- 
ence that written and oral examinations may not be entirely 
appropriate measures of clinical competence. 

The implications are twofold. First, the study results clearly 
illustrate that the proverbial cart has again preceded the 
horse. That is, most faculty tend to emphasize and reward 
first, successful performance of technical skills and second- 
arily, the demonstration of a solid cognitive theoretical base. 
This fact is evident in the magnitude of difference between 
performance and cognitive test scores. The significance of 
this observation lies in the supposition that most skills ac- 
quired in the absence of theory are more aptly described as 
habits, a type of behavior that requires little or no thought 
and consequently the potential for costly mistakes in patient 
care. To put a resident in the position of “cognitive catch- 
up” to clinical skills will likely result in clinical performance 
that either ignores, or at best lacks, consistent and rational 
application of knowledge to the clinical decision making 
process. 

The second point is a natural extension of the first. The 
differences between knowledge and skill scores imply that 
clinical faculty may not be consistent in their instructional 
purpose, i.e., to facilitate the application of relevant knowl- 
edge to clinical problems. Most students of the profession 
have natural and independent abilities to acquire knowl- 
edge and perform a variety of psychomotor tasks, neither 
of which requires extensive professorial input. What they 
do not have is the facility at successfully bridging the gap 
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between the two. The role of clinical faculty is to facilitate 
the intellectual bridging of knowledge and psychomotor 
performance. If residents are persuaded of the importance 
and relevance of a clinical concept, they will commensur- 
ately appreciate the importance of knowledge as a necessary 
requisite of conceptual justification. 

Should this practice become the rule rather than the ex- 
ception, I would expect future students of this sort to yield 
data where differences between knowledge and skill per- 
formances might be less incriminating. 


Scot Foster, PhD, CRNA 
Assistant Professor 
University of Kansas 
Kansas City, KS 66103 


In Response: 


The statement above that, “the study concluded that no 
correlation existed between subject matter knowledge and 
related psychomotor skills” is a misinterpretation., Our 
manuscript states that “we found no correlation between 
clinical performance and knowledge.” In a study of differ- 
ent design, it may be possible, and I dare say likely, to find 
a correlation. For this, I suggest that a study comparing a 
group of anesthesia residents with a naive group, e.g., car- 
penters or college students, would find a strong positive 
correlation between knowledge and motor skills in the per- 
formance of spinal anesthesia, but little benefit would ac- 
crue to us from the study. 

The more direct implications of our finding are that the 
objective evaluation of residents should be done not only 
in the cognitive area but also in the motor skill and attitu- 
dinal domains. | further think, that since we could not infer 
the performance from that observed in one domain to that 
expected in another, that our teaching and our evaluation 


should be in all three areas. I will not address Dr. Foster's - 


remarks regarding the inadequacies of clinical teaching 
manifested by our results since these are predicated upon 
assumptions concerning the instruction that reflect his biases. 


Elliott V. Miller, MD 
Department of Anesthesia 
Massachusetts General Hospital 
Boston, Massachusetts 02114 


Transillumination of the Trachea 
with Flexilum 


To the Editor: 


Transillumination of the trachea has been a valuable aid 
during difficult intubations (1,2). When a device with a 
lighted tip, such as a fiberoptic bronchoscope, is passed 
through the vocal cords, the trachea is transilluminated, 
and an endotracheal tube can be advanced into the trachea 
over the light to assure proper positioning of the tube. We 
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Figure 2. Illumination of endotracheal tube with flexilum. 


would like to recommend an alternative to the fiberoptic 
bronchoscope, which often is not readily available during 
an emergency intubation. 

The Flexilum (Concept, Inc., Clearwater, FL), which. is 
used in orthcpedics for intraarticular illumination, can serve 
as a transilluminator. Because it is a surgical light with the 
same diameter and flexibility of an endotracheal tube stylet, 
it can be used in place of one. 

We have used the Flexilum as a stylet in 10 patients. 
Because of the 25-cm length of the Flexilum, we cut the 
endotracheal tubes to 26 cm. This allowed us to advance 
the light to within 1 cm of the tip of the tube and bend it 
as indicated in Figures 1 and 2. During laryngoscopy, we 
found it useful for an assistant to describe the location and 
intensity of the illumination on the surface of the neck. This 
facilitated two difficult intubations during which the vocal 
cords could not be seen. Transillumination provided a guide 
to the location of the tip of the endotracheal tube. When 
the transillumination was the brightest, as seen over the 
trachea, the endotracheal tube was advanced successfully 
into the trachea. In one instance, we inadvertently ad- 
vanced the Flexilum into the esophagus, and no transillu- 
mination occurred. 

One advantage of the Flexilum became evident to us 
when the laryngoscope light failed. The light of the Flexilum 
was sufficient to visualize the larynx, and enabled us to 
intubate the trachea. 

The light weight (approximately 4 oz), portability, low 
cost ($18.00), and reusability (if cleaned properly) of the 
Flexilum should justify its widespread use during difficult 
intubations. Although refinements for anesthetic purposes 
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would be welcome (e.g., increased length, smaller size for 
pediatric tubes), we nevertheless have found the Flexilum 
to be useful in anesthesiology. 


Michael Hammer, MD 

Brendan Garry, MD 

Department of Anesthestology 

Boston University School of Medicine and 
University Hospital 

75 E. Newton St 

Boston, MA 02118 
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Unusual Complication of a Central 
Venous Catheter 


To the Editor: 


Recently, we encountered an unusual complication while 
using a multiorifice catheter, the Blitt Maxi Kit I, manufac- 
tured by Argon (Argon Medical Corporation, Athens, TX). 

A 54-yr-old woman with a cervical spinal cord tumor 


was scheduled for cervical laminectomy and excision of tu- 


mor in the sitting position. After uneventful induction of 
anesthesia, the patient was positioned in the supine 15° 
head down position with the face rotated 30° to the left. 
The right side of the neck was cleansed and draped in sterile 
fashion and a Blitt Maxi Kit I was opened. Using a 22-gauge 
4-cm needle, the right internal jugular vein was located 
easily. A 16-gauge 6-cm catheter was inserted in the jugular 
vein, parallel to the 22-gauge needle. After checking for 
good blood flow, a spring guide wire was advanced without 
difficulties. The 16-gauge catheter was removed, a small 
incision was made on the skin using a N°11 surgical blade, 
and a 20-cm long 16-gauge radiopaque polyurethane cath- 
eter was introduced over the guide wire without difficulties. 
The guide wire was removed. Blood flow back through the 
catheter was, however, unsatisfactory, and gentle manip- 
ulation did not improve it. The guide wire was reintroduced 
in the catheter without difficulties. An attempt was made 
to remove the catheter leaving the wire in place, but there 
was considerable resistance. A decision was made to re- 
move the catheter and the wire together, which was ac- 
complished without major problems (Fig. 1). 

Examination of the catheter revealed that.the J tip of the 
guide wire had exited through one of the lateral holes of 
the catheter and was locked in that position (Fig. 2). 

It was decided to use a different central venous catheter, 
and cannulation of the right internal jugular was again per- 
formed without difficulty. The patient was subsequently 
placed in the sitting position and the surgical procedure 
performed uneventfully. The patient recovered from anes- 
thesia and surgery without complications. 

We tested several other kits in the laboratory and found 
that the guide wire exited through the lateral hole of a 
multiorifice catheter repeatedly. Each time that the plane 
of the curvature of the J tip in the guide wire was perpen- 
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Figure 1. Central venous catheter removed from patient. 
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Figure 2. J tip of the guide wire exits through lateral hole. 


dicular to a lateral hole in the catheter, the guide wire would 
exit in that direction, as happened in our patient. 

We believe that the concept of a multiorifice central ve- 
nous catheter is a valuable one, specially when inserted for 
procedures done in the sitting position. The problem re- 
ported here would not occur if the catheter were inserted 
and functioned without problems. However, if it becomes 
necessary to reinsert the guide wire, we strongly recom- 
mend using the straight end tip, to avoid the problem we 
encountered. 

The manufacturing company has been informed of this 
problem. 


Carlos U. Arancibia, MD 


William D. Hawk, MD 

University of Oklahoma Health Sciences Center 
Department of Anesthesiology 

PO Box 53188 

Oklahoma City, OK 73152 


Prolonged Anesthesia 
with Isoflurane 


To the Editor: 


Caplan and Long reported a case of a patient anesthetized 
with enflurane (26.6 MAC-hr) and nitrous oxide (29.7 MAC- 
hr) for two days for reimplantation of eight severed digits 
(1). The patient awakened 69 hr after completion of the 
procedure. In the postoperative period the patient devel- 
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oped fever, hypertension, thrombocytopenia, and neutro- 
penia. I was recently involved in a similar anesthetic for 
reimplantation of two digits. Isoflurane (25 MAC-hr) was 
used for anesthetic maintenance with oxygen and air. Dur- 
ing the caurse of the anesthetic a left supraclavicular bra- 
chial plexus block was twice performed with 0.5% bupiv- 
acaine using the first rib as landmark. The patient was alert, 
awake, and extubated 30 min after arrival in the recovery 
room. Postoperative course was benign. | 

The combination of regional anesthesia with a “light” 
general anesthetic is a common technique. Isoflurane ap- 
pears to be an acceptable agent for this because of its low 
rate of biotransformation. 

It is certain that both nitrous oxide and enflurane have 
inherent toxicities. Nitrous oxide, in vivo, causes bone mar- 
row depression (2,3) and may cause a reversible myelo- 
neuropathy (4). The metabolism of enflurane releases fluor- 
ide ion that may cause ADH-resistant diabetes insipidus 
and renal insufficiency. One can only speculate as to the 
cause for prolonged awakening for Caplan and Long’s pa- 
tient. Total dose (MAC-hr) of an anesthetic agent does affect 
time to MAC awake, as shown by Lowe and Ernst (5). 
However, calculations indicate a wake-up time of 1 hr, not 
3 days, as in Caplan and Long’s patient. Therefore, the 
burden then shifts to nitrous oxide. This gas is eliminated 
within a few minutes of cessation of its delivery, so is it 
possible that NO causes a temporary neuronal change that 
led to the prolonged emergence described by Caplan and 
Long? 


James Pearson, MD 

Department of Anesthesiology 

The University of Alabama in Birmingham 
619 19th Street South 

Birmingham, AL 35294 
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safety for Anesthesiologists 


To the Editor: 


Occupational hazards associated with exposure to trace con- 
centrations of anesthetic vapors are a major problem in 
underdeveloped and developing nations where scavenging 
systems are often not feasible for economic reasons. These 
hazards make recruiting people into anesthesiology diffi- 
cult. They also contribute to low morale among those al- 
ready in anesthesiology. These problems might be sub- 
stantially ameliorated or even eliminated if we had the 
answers to questions that we cannot ourselves supply be- 
cause of the circumstances under which we work. Perhaps 
those in other countries could provide, by their investiga- 
tions, the answers. If they could, they would make a major 
contribution to anesthesiology in underdeveloped and de- 
veloping nations. 
The questions are the following: 


1) Is there a safe limit to the quantity of anesthetics that 
can be inhaled, adsorbed, or otherwise taken up by anes- 
thesiologists without causing harmful effects either di- 
rectly in themselves or genetically in their offspring? 

2) What is the upper limit of a “safe contact period,” i.e., 
the maximum number of working hours per day and the 
maximum number of such working days at a stretch? 

3) Would a “rest period” after the “safe contact period” 
reduce the risks? 

4) If the answer to 3) is affirmative, then how long should 
the “rest period” be during which an anesthesiologist 
should not be allowed to work in an atmosphere where 
he or she may be exposed to the anesthetics? 

5) What is the best way to communicate recommendations 
made for 1) above, to the various governments, and to 
direct every national society of anesthesiologists to en- 
sure that these recommendations are followed for the 
safety of anesthesiologists and, thereby, of patients? 


Gopi N. Kalla, MD 
Department of Anesthesiology 
College of Medical Sciences 
University of Benin 

Benin City, Nigeria 
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Book Review 


Post-anaesthetic Recovery 
By Roger Eltringham, Michael Durkin, Sue Andrews. 
New York: Springer-Verlag, 1983, 151 pp. 


The postanesthetic recovery period is an integral part of the 
overall anesthetic and surgical management of the patient. 
As in the periinduction and intraoperative times, the post- 
anesthetic period may be marked by events ranging from 
a smooth uneventful recovery to a stormy emergence with 
major complications. Along with the evolution of the anes- 
thesia practice, we have come a long way in the design and 
organization of the recovery room since its first description 
by Florence Nightingale ir 1863 (1). 

This book presents these issues in an orderly, sound, 
and practical fashion. The first chapter deals with the or- 
ganization of the recovery room, its design, equipment, 
staffing, policies, etc. The second chapter describes the rou- 
tine procedures on arrival of the patient in the recovery 
room and means of assessing the functional status of the 
body systems. The third chapter covers the postanesthetic 
complications and their management. Recovery from spe- 
cialized surgical procedures with their complications and 
treatment is the topic of the fourth chapter. The final chapter 
discusses the preoperative conditions affecting recovery. 

The book offers a sound and practical plan of action for 


the management of postanesthetic complications based on 
proper clinical evaluation with emphasis on the technique 
of differential diagnosis. Concise, well-written, and easy to 
comprehend, it is recommended to anesthesiologists, re- 
covery room personnel, and all those involved in the post- 
anesthetic care of patients. 


Mahmood Tabatabai, MD, PhD 
Department of Anesthesiology/CCM 
University of Pittsburgh 

VA Medical Center 

Pittsburgh, PA 15240 
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A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 


Anesthesia and Analgesia is the oldest publication for the specialty 
of anesthesiology. Established 60 years ago, the Journal is the of- 
ficial voice of the International Anesthesia Research Society. It pub- 
lishes original articles, clinical reports, technical communications, 
review articles, and letters to the editor to provide researchers, 
practicing. physicians, and allied medical personnel in anesthe- 
siology and related disciplines with monthly information to keep 
them current with the latest issues and advances in the field. 

All papers are reviewed by three or more referees. Acceptance 
is based upon significance, originality, and validity of the material 
presented. Only one copy of the articles not accepted for publi- 
cation will be returned to the author. | 

All papers will be edited for clarity, style, factual accuracy, 
internal logic, and grammar. The submitted manuscript should be 
accompanied by a covering letter that must include a statement to 
the editor about all submissions and previous reports that might 
be regarded as prior or duplicate publication of the same, or very 
similar, work. The title page and abstract of such material should 
be included with the submitted manuscript to help the editor decide 
how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals,” reprinted in Annals of Internal Medicine 
1982;96:766-71 and Lancet 1982;284:1766-70. 

Use the checklist given below for preparation ot manuscripts: 


General 


© Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 


(J Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment 
of demonstrable originality, usefulness, and safety. 


C] Technical communications are papers that deal with instru- 
mentation and analytic techniques. 


C] Review articles of 2500 to 4000 words collate, describe, and 
evaluate previously published material to aid in evaluating new 
concepts. 


©] Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles 
or brief notations of general interest. The manuscripts must be 
double spaced, and a title and three copies must be provided. 


(] Type manuscripts on white bond paper, 216 by 279 mm (8-1/2 
by 11 in.) or ISO A4 (212 by 297 mm) with margins of at least 
25 mm (1 in) using double spacing throughout. 


L] Begin each of the following sections on separate pages: title 
page, abstract and key words, text, acknowledgments, refer- 
ences, tables (each table, complete with title and footnotes, should 
be on a separate page), and legends. Type only on one side of 
the paper and number pages consecutively, beginning with the 
title page. Type the page number in the upper right-hand corner 
of each page. 

[1] Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and permissions to reproduce previously pub- 
lished materials or to use illustrations that may identity subjects. 


C Authors should keep copies of everything submitted. 





Title Page 
(| The title page should contain the title of the article, which should 
be concise but informative; 


LJ A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

C] First name, middle initial, and last name of each author, with 
highest academic degree(s); 


CI Name of department(s) and institution(s) to which the work 
should be attributed; 


L] Disclaimers, if applicable; 


[| Name and address of author responsible for correspondence 
about the manuscript; 


C] Name and address of author to whom requests for reprints 
should be addressed, or a statement that reprints will not be 
available from the author; 


LI The source(s) of support in the form of grants. 


Abstract and Key Words | 
C The second page should carry an abstract of not more than 150 _ 
words. 


C The abstract should state the purposes of the study or investi- 
gation, basic procedures (study subjects or experimental ani- 
mais; observational and analytic methods), main findings (give 
specific data and their statistical significance, if possible), and 
the principal conclusions. Emphasize new and important as- 
pects of the studv or observations. 


O Define all abbreviations except those approved by the Inter- 
national System of Units. 


L] Key (indexing) terms: Below the abstract, provide (and identify 
as such) 3 to 10 key words or short phrases that will assist 
indexers in cross indexing the article and that may be published 
with the abstract. 


Text 


[L The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their 
content, especially in the Results and Discussion sections. 


[L] Case reports, reviews, and editorials do not require the above 
sections. 


[] Introduction: Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly 
pertinent references, and do not review the subject extensively. 


C) Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. identify the methods, apparatus (manufacturer’s name 
and address in parentheses), and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods; provide 
references and brief descriptions for methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 

C} Identify precisely all drugs and chemicals used, including ge- 
neric name(s), dosage(s), and route(s) of administration. 

CO Do not use patients’ names, initials, or hospital numbers. 

O Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 


mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 


LJ} Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. 


C] Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. Avoid claim- 
ing priority and alluding to work that has not been completed. 
State new hypotheses when warranted, but clearly label them 
as such. 


O Recommendations, when appropriate, may be included. 


References 


C Number references consecutively] in the order in which they are 
first mentioned in the text, except in review articles when ref- 
erences may be arranged alphabetically. 


Li Identify references in text, tables, and legends by arabic nu- 
merals (in parentheses, on line). 


O Use the style of the examples below, which are based on the 
format used by the US National Library of Medicine in Index 
Medicus. 


O The titles of journals must be abbreviated according to the style 
used in Index Medicus. 

C] Try to avoid using abstracts as references; “unpublished obser- 
vations” and “personal communications” may not be used as 
references although references to written, not verbal, commu- 
nications may be inserted (in parentheses) in the text. Infor- 
mation from manuscripts submitted but not yet accepted should 
be cited in the text as “unpublished observations” (in paren- 
theses). Authors citing as references articles from theirown group 
that are in press and that have a bearing on the paper submitted 
should enclose 3 copies of an abstract of such in press materials. 


O References must be verified by the author(s) against the original 
documents. 


O Examples of correct forms of references are given below: 


Journals: 

1. Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311-4. 

2. Corporate Author 
The Royal Marsden Hospital Bone-Marrow Transplantation 
Team. Failure of syngeneic bone-marrow graft without pre- 
conditioning in post-hepatitis marrow aplasia. Lancet 1977;2: 
242-4. 

3. No Author Givern 
Anonymous. Coffee drinking and cancer of the pancreas (Ed- 
itorial). Br Med J 1981;283:628. 

4. journal Supplement 
Mastri AR. Neuropathy of diabetic neurogenic bladder. Ann 
Intern Med 1980;92(2 Pt 2):316-8. 


Frumin AM, Nussbaum J, Esposito M. Functional 
asplenia: demonstration of splenic activity by bone marrow 
scan (Abstract). Blood 1979;54(suppl 1):26a. 

5. Journal Paginated by Issue 
Seaman WB. The case of the pancreatic pseudocyst. Hosp Pract 
1981;16(Sep):24—5. 


Books and Other Monographs: 
6. Personal Author(s) 
Eisen HN. Immunology: an introduction to molecular and cel- 
lular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 


7. Editor, Compiler, Chairman as Author 
Dausset J, Colombani J, eds. Histocompatibility testing 1972. 
Copenhagen: Munksgaard, 1973:12-8. 


8. Chapter in a Book 
Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457-72. 


9. Published Proceedings Paper 
DuPont B. Bone marrow transplantation in severe combined 
immunodeficiency with an unrelated MLC compatible donor. 
In: White HJ, Smith R, eds. Proceedings of the third annual 
meeting of the International Society for Experimental Hema- 
tology. Houston: International Society for Experimental Hem- 
atology, 1974:44-6. 


10. Monograph in a Series 
Hunninghake GW, Gadek JE, Szapiel SV, et al. The human 
alveolar macrophage. In: Harris CC, ed. Cultured human cells 
and tissues in biomedical research. New York: Academic Press, 
1980:54-6. (Stoner GD, ed. Methods and perspectives in cell 
biology; vol. 1). 


11. Agency Publication 
Ranofsky AL. Surgical operations in short-stay hospitals: 
United States—1975. Hyattsville, Maryland: National Center 
for Health Statistics, 1978; DHEW publication no. (PHS) 78- 
1785. (Vital and health statistics; series 13; no. 34). 


12. Dissertation or Thesis 
Cairns RB. Infrared spectroscopic studies of solid oxygen (Dis- 
sertation). Berkeley, California: University of California, 1965. 
156 pp. 


Tables 


[] Type each table double spaced on a separate sheet. Do not 
submit tables as photographs. 


L] Number tables consecutively and supply a brief title for each. 
Give each column a short or abbreviated heading. 


L] Place explanatory matter in footnotes, not in the heading. Ex- 
plain in footnotes all nonstandard abbreviations that are used 
in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 


[] Do not use internal horizontal or vertical rules. 
["] Cite each table in the text in consecutive order. 


(_] If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


(J The editor, on accepting a manuscript, may recommend that 
additional tables containing important backup data too exten- 
sive to publish be deposited with the National Auxiliary Pub- 
lications Service or made available by the author(s). In that event, 
an appropriate statement will be added to the text. Submit such 
tables for consideration with the manuscript. 





Illustrations 


C] Submit three complete sets of figures. Figures should be profes- 


sionally drawn and photographed; freehand or typewritten let- 
tering is unacceptable. 


O Instead of original drawings, roentgenograms, or other materia! 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm (5 by 7 in) but no larger than 
203 by 254 mm (8 by 10 in). 

C Letters, numbers, and symbols should be clear and even through- 
out and of sufficient size that, when reduced for publication, 
each item will still be legible. Titles and detailed explanations 
belong in the legends for illustrations, not on the illustrations 
themselves. 


C Each figure must have a label pasted on its back indicating the 


number of the figure, the names of the authors, and the ‘op of 
the figure. Do not write on the back of the figures or mount 


them on cardboard, or scratch or mar them by using paper clips. 
Do not bend figures. 


Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 


| If photographs of patients are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 


Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 


C 


2 


LJ For illustrations in color, supply color negatives or positive tran- 
sparencies and, when necessary, accompanying drawings marked 
to indicate the region to be reproduced; in addition, send two 
positive color prints to assist editors in making recommenda- 
tions. IHustrations will be published in color only if the author 
pays for the extra cost. 


Legends for illustration 


LJ Type legends for illustrations double spaced starting on a sep- 
arate page, with arabic numerals corresponding to the illustrations. 


(| When symbols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. Explain internal scale and identify method of 
staining in photomicrographs. 





eve tions 


(|) The full term for which an abbreviation stands should precede 
its first use in the text unless # is a standard unit of measure- 
ment. Avcid abbreviations in the title. 


_ Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the 
start of the article. 


LJ Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biology 
Editors style manual: a guide for authors, editors, and pub- 
lishers in the biological sciences. 4th ed. Arlington, Virginia: 
Council of Biology Editors, 1978; and 


O’Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975. 


hm 


Ethical Principles 

L When reporting experiments on human subjects, indicate whether 
the procedures followed were in accord with the ethical stan- 
dards of the Committee on Human Experimentation of the in- 
stitution in which the experiments were done or are in accord 
with the Helsinki Declaration of 1975. 

L When reporting experiments on animal subjects, indicate whether 
the institution’s or the National Research Council's guide for 
the care and use of laboratory animals was followed. 


Exclusive Publication Statement 


| The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 
currently under consideration for publication elsewhere. 


L Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society. 
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Sublimaze 
(fentanyl) Injection @ 








l-2ug/kg as an adjunct to 
light-plane thiopental-N,0-0, 
anesthesia 


SUBLIMAZE (100 wg) reduced thiopental requirements... 
produced a smooth intraoperative course... 

a smooth, rapid and pain-free recovery, 

Duration of anesthesia: 25 minutes. 

Duration of surgery: 15 minutes. 

Premedication: none. Postoperative medication: none* 


*Coakley C, Levy ML, Epstein B: Fentanyl in short surgical procedures: Dilatation 
and curettage. A medical film...available from your Janssen Representative. 
The respiratory depressant effect of SUBLIMAZE may be longer than the 
analgesic effect. 

Please see brief summary of Prescribing Information on next page. 
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Sublimaze’ 
(fentanyl) Injection € 


Protect from light. Store at room temperature. 


Before prescribing, please consult compiete prescribing information, of which the following is a brief summary 


FOR INTRAVENGUS OR INTRAMUSCULAR USE ONLY 

DESCRIPTION 

Each mi, contains: 

Fentahyi 2. pits nresnain er nie pen dee E sya bi} 50 meg. (0.05 mg.) as the citrate 
Warning: May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5. 


CONTRAINDICATIONS 
SUBLIMAZE {fentanyl} is contraindicated in patients with known intolerance to the drug. 


WARNINGS 
AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBUMAZE {fentanyl} SHOULD HAVE 
APPROPRIATE SURVEILLANCE. . 
RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See also discussion of narcotic antagonists in Precautions and Overdosage. 
tf SUBLIMAZE {fentanyl} is administered with a tranquilizer such as INAPSINE (droperidol), the user shouid familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. In addition. when 
such a combination is used, fluids and other countermeasures to manage hypotension should be available. 
As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total dose of all narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery from anesthesia. it is recommended that narcotics, 
when required, should be used in reduced doses initialty, as low as V4 to V3 those usually recommended. SUBLIMAZE 
(fentany!) may cause muscle rigidity, particularly involving the muscies of respiration. The effect is related to the speed 
of injection and its incidence can be reduced by the use of siow intravenous injection. Once the effect occurs, itis 
managed by the use of assisted or controlled respiration and, if necessary. by a neuromuscular blocking agent 
compatible with the patient's condition. Where moderate or high doses are used (above 10 mcg. /kg.}, there must be 
adequate facilities for postoperative observation, and ventilation if necessary, of patients who have received 
pesca (fentanyl). H is essential that these facilities be fully equipped to handle all degrees of respiratory 
ression. 
Drug SUBLIMAZE (fentany!) can produce drug dependence of the morphine type and, therefore. has 
the potential for being abused. 
Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. Since the safety 
of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentany!} in patients who have received MAQ 
inhibitors within 14 days is not recommended. 
Head Injuries and Increased Intracranial Pressure—SUBLIMAZE (fentany!) should be used with caution in patients 
who may be particularly susceptible to respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. In addition SUBLIMAZE {fentanyl} may obscure the clinical course of patients with head injury. 
pare a Children-—The safety of SUBLIMAZE (fentanyl) in children younger than two years of age has not been 
established. 
Usage in Pregnancy—The safe use of SUBLIMAZE (fentanyl) has not been established with respect to possible 
adverse effects upon fetal development. Therefore, it should be used in women of childbearing potential only when, in 
the judgment of the physician. the potential benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and fetal effects; therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS 

The initial dose of SUBLIMAZE (fentanyl) should be appropriately reduced in elderly and debilitated patients, The effect 
of the initial dose should be considered in determining incremental doses. Nitrous oxide has been reported fo produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUBLIMAZE (fentanyl) can also alter respira- 
tion, Therefore, when SUBLIMAZE (fentanyi} is used to supplement these forms of anesthesia, the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to manage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 

Vitai signs shouid be monitored routinely. 

SUBLIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary disease. patients 
with decreased respiratory reserve, and others with potentially compromised respiration. In such patents, narcotics 
may additionally decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance should be maintained because the duration of respiratory depression of duses of 
fentanyi employed during anesthesia may be ionger than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levallorphan, nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentanyi) pulmonary artenai pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentany!) are employed, even relatively small dosages of diazepam 
may cause cardiovascular depression, 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) will have additive or 
potentiating effects with SUBLIMAZE {fentanyl}. When patients have received such drugs, the dose of SUBLIMAZE 
(fentanyl) required wili be fess than usual. Likewise, following the administration of SUBLIMAZE (fentany!}, the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (tentany!) may produce bradycardia, which may be treated with atropine, however, SUBLIMAZE {feniany}} 
should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentany!) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur. If this 
occurs, the possibility of hypovolemia should aiso be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart shouid be considered when operative 
conditions permit. Care should be exercised in moving and positioning of patients because of the possibility of 
orthostatic hypotension. If volume expansion with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the aipha-adrenergic 
blocking action of INAPSINE (droperidol), epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperidol). 

When iNAPSINE (droperidol) is used with SUBLIMAZE (fentany!) and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
ifentany!) are respiratory depression, apnea, muscular rigidity, and bradycardia: if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotension, dizziness. blurred vision. nausea, emesis. laryngospasm. and diaphoresis. 

it has been reported that secondary rebound respiratory depression may Occasionally occur postoperatively. Patients 
should be monitored for this possibility and appropriate countermeasures taken as necessary. 

When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentany/), the following adverse reactions 
can occur: chills and/or shivering, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods ot mental depression), extrapyramidal symptoms (dystonia, akathisia. and oculogyric crisis) have 
been observed up to 24 hours postoperatively. When they occur. extrapyramidal symptoms can usually be controled 
with anti-parkinson agents. Postoperative drowsiness is also frequently reported following the use of INAPSINE 
(droperidol). 
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Elevated blood pressure. with and without pre-existing hypertension, has been reported following administration of 
SUBLIMAZE (fentany!} combined with INAPSINE (droperidol). This micht be due to unexpiained alterations in 
sympathetic activity following large doses: however, it is also frequen:ly attributed to anesthetic and surgical 
stimuiation during light anesthesia. 


DOSAGE AND ADMINISTRATION 


Dosage should be individualized. Some of the factors to be considered in determining the dose are age. body weight, 
physical status. underlying pathviogical condition, use of other drugs, type of anesthesia to be used, and the surgical 
procedure invoived. 

Vital signs should be monitored routinely. 

|.  Premedication—-Premedication {to be appropriately modified in the elderly, debilitated, and those who have 
recerved other depressant drugs}~-50 to 100 meg. (0.05 to 0.1 mg.}{1 to 2 mi.) may be administered 
intramuscularly 30 to 60 minutes prior fo surgery. 

i. Adjunct to General Anesthesia-—See Dosage Range Chart 

iit. Adjunct to Regional Anesthesia—SO to 100 meg. (0.05 tc 0.1 mg.}{1 to 2 mi} may be administered 
intramuscularly or slowly intravenously, over one to two minutes, wien additional analgesia is required. 

iV Pastoperatively (recovery room)—-50 to 100 meg. (0.05 to 0.1 ngt to 2 mi} may be administered 
intramuscularly for the contro! of pain. tachypnea and emergence delirium. The dose may be repeated in one to 
two hours as needed. 

Usual Children’s Dosage: For induction and maintenance in children 2 to 12 years of age, a reduced dose as low as 20 

to 30 meg. (0.02 to 0.03 mg.}(0.4 to 0.6 mi.) per 20 to 25 pounds is recommended. 


DOSAGE RANGE CHART 


TOTAL DOSAGE 
Low dose-—2 mcg. /kg. (.002 mg./kg.} (.04 mi. /kg.) SUBLIMAZE* injection. Fentanyi in smali doses is most 
useful for minor, but paintul, surgical procedures. in addition to the anaigesia during surgery. tentany! may also 
provide some pain relief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE® injection are infrequentiy needed in these minor procedi res. 

Moderate dose——2-20 mog. ‘kg. (.002-.02 mg./kg.}(.04-0.4 misko. SUBLIMAZE® injection. Where sur 
gery becomes more major, a larger dose is required. With this cose, in addition to adequate analgesia, one 
would expect to see some abolition of the stress response. However, respiratory depression will be such that 
artificial ventilation during anesthesia is necessary, and careful abservation of ventilation postoperatively iS 
essential. Maintenance: 25 to 100 meg. (0.025 to 0.1 mg. }(0.5 to 2.0 m:.) may be administered intravenously 
of intramuscularly when movement and/or changes in vita! signs indicate surgical stress or lightening of 
anaigesia, 

High dose—20-50 meg. ‘kg. (.02-.05 mg./kg.}(0.4-1 mi_/kg.) SUBL MAZES injection. During open heart 
surgery and certain more complicated neurosurgical and orthopedic procedures where surgery is more 
prolonged, and in the opinion of the anesthesiologist, the stress response to surgery would be detrimental to 
the weil being of the patient, dosages of 20-50 mcg. /kg. {.02-.05 mg. \(0.4-1 mi.) of SUBLIMAZE® injection 
with nitrous oxide oxygen have been shown to attenuate the stress response as defined by increased levels of 
circulating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery. postoperative ventilation and observation are 
essential due to extended postoperative respiratory depression. 

The main objective of this technique would be to produce “stress tree” anesthesia. Maintenance: Maintenance 
dosage (ranging trom 25 meg. (025 mg.}{0.5 mi.} to one half the inti! loading dose) wii! be dictated by the 
changes in vital signs which indicate stress and lightening of analgesia. However, the additional dosage 
selected must be individualized especially if the anticipated remaming operative time is short. 
































As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 mog./kg. {.05 to 0.1 
mg./kg.}{f to 2 mi_/kg.} may be administered with oxygen and a mussie relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. 19 certain cases, doses up to 150 meg. ‘kg. (.15 
mg. /kg.}(3 mi. /kg.} may be necessary to produce this anesthetic effect. It has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection 3f the myocardium from excess oxygen 
demand is particularly indicated, and for certain complicated neurological and orthopedic procedures. 

As noted above, it is essential that qualified personne! and adequate facii ties be available for the management of 
respiratory depression. 

See Warnings and Precautions for use of SUBLIMAZE (fentanyl) with other CNS depressants. and in patients with 
altered response. 


OVERDOSAGE 

Manitestations. The manifestations of SUBLIMAZE (fentanyl) overdosage are an extension of its pharmacologic 
actions. 

Treatment: in the presence of hypoventilation or apnea, oxygen shouid be administered and respiration should be 
assisted or controfled as indicated. A patent airway must be maintained: and oropharyngeal airway or endatracheai 
iube might be indicated. If depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patient shouid be carefully 
observed for 24 hours: body warmth and adequate fluid intake should be maintained. If hypotension occurs and is 
severe or persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, levaliorphan, ot naloxone should be available for use as 
indicated to manage respiratory depression. This does not preciude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of tentany! may be longer than the duration of narcotic 
antaganist action. Consult the package insert of the individual narcotic antagonists for details about use. 


HOW SUPPLIED 
2 mi. and 5 mi. ampoules—packages of 10. March. 1980 Rewsed June, 1980. Jan 1981, March 1983 
NDC 50458-030-02 NDC 50458-030-05 US. Patent No 3, 164 600 


10 mi. and 20 mi. ampoules——packages of 5. 
NDC 50458-630-10 NDC 50458-030-20 

{For intravenous use by hospital personne! 
specifically trained in the use of narcotic analgesics}. F 
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After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
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MARCAN® NEONATAL. INJECTION (naloxone ho 
Narcotic ‘Antagonist 

rief Summary of ee information 
pated el lied rage is ieee: for ie oe of | reversal of narcotic 
depression, one frespiruiory depression, induce nchuding naturai and synthetic 
narcotics, pro methadone the narcotic-ontagonis! anaigesics: nalbuphine, pen- 
tazocine ond ENA. NARCAN is also indicated for tha diagnosis cf suspected acute opioid 

, CONTRAINDICATIONS NARCAN is contraindicated In patients known to be rsensitive to It. 

WARNINGS NARCAN should be administered cautiously to persons ng newboms of 
mothers who are known or sus acae D O any Bi dU rt petted 
abrupt and-complete reversal of narcotic effects may moy Ponpe an abstinence 

The patent who has to should ‘be kept undar continued 
survellkance and repeated doses of should be administered, as necessary since the 

NARCAN fo roo ari nat regpitory il b 

against res depression due jo non-opioid drugs. 

helped in leah 2 erh opier meuselii Maosures ed pale enc ao 

8 Olay ariificiol ve oh, 06 massage, and vasopressor uid be ovoliable 
and employed when to counteract! ocute narcotic poloning, 

Several instances of neon, , ventrteulor pachycardia and eaten, and 
pul edema have . These hove ocourred In nts most of 
whom pre-exdsting cordlovescular disorders or recetved othar which have similior 


lovascular 
established, NARCAN should be used with caution in patients with pre-existing cardiac diseasa or 
who ty inaa phd etl 
- utegesesia, rment and m I 
| Semen era gle ppl Salley esata 


les have not been NARCAN. Reproductive ice and rots 


: Preg 
a fimes the human dose , revealed no evidence of impaked fertil of harm to the 


REACTIONS Abrupt reversal of narcotic depression may result in nausea, 


vomiting, 
ones tochycordia, Increased blood re, ond tremulousness. In postoperative rs, 
kargar than necessary dosage re ey result in significant reversal of AaS aa in 


edema have been associcted with the uss of. NARCAN srotively (soe 
USAGE IN ADULTS—-POSTOPERATIVE NARCOTIC DEP N) Seizures bean reported fo 
ooour eee afer the administrotion of naloxone; however 0 causal relaitonship hos not 
been estab 

OVERDOSAQE There Is no clinical experience with NARCAN raphe A in humans, 

‘In tha mouse and rat the intravenous LDg Is 160 + 6 and 1 288 
ger lar Arle dell a Sele teed 8- 6) a 
kg. Subcutaneous Infection of 100 mg/kg/day In rats for 
yeaa ata ptosis following Injection: olin Gisele one ene 10k TAN kt 


DOSAGE AND ADMINISTRATION NARCAN may be administered intravenousty intramuscularly or 
subcutaneously. The most rapid onset of action is achieved by introvenous administration and it 
is recommended in a situations. 

Since the duration of C Bome DOCO May moned eee oes ee De 
kept under continued survellianca and pected doses of NARCAN shouid be administered, as 


NACERBATY. 
Intravenous lafesion NARCAN Alga be dilufad for Intravenous infusion in normal saline or 5% 
dextrose soluttons. The additi 2 mg of NARCAN In 500 ml of either solution provides o 
concentration of 0.004 mg/mL Mbdures should be used within 24 hours. After 24 hours, the 
femalning unused solution must be discarded. The rate of administration should be tiroted in 
accordance with the patient's response. 

Parenteral drug products should be Inspected visually for particulate mottar and discoloration 
prior to odmin! n whenever solution and container permit. NARCAN should not be mixed 
with preparations ananing onare metabisuiie, long-chain or high molecular weight anions, 
or any solution having cn alkaline pH. No drug or chemical ogant 1d be added io NARCAN 


USAGE IN ADULTS Narcotic Overdose—Kn or Suspected An Initial dose of 0.4 mg to 2 mg of 
NARCAN be administered intrevenoushy. T e oe d of counteraction and improve- 
Hl An EaR Oty fundon Arete of 2 to 3 minute Intervals. H no 


response Is observed after © Induced xa sen crieere, the diagnosis o 
Induced or partial narcotic Induced toxicity should be questioned. Intramuscular or sub- 
cukineous administration may be necessary H the Intravenous route Is not cvallable. 


Repeat doses of NARCAN may Pte ered one or two hourntervals de upon the 
amount, type è., short ar ong acting) ond tne Interval since lst admis narcatic, 


USAGE IN CHILDREN harcotle OQverdose—Known or Suspected The usual initial dose in 
_ Children is 0.01 mg/kg body weight given I.V. if this dese does not result In the desired degree of 
clinical im ment, a subsequent dose of 071 ooN y ht may be'admin „Han 
LV. route of administration is not ovofiobie, may be administered 1.M. or S.C. in divided 
doses. if necessary, NARCAN can be diluted with sterila woter for injection. 
Ive Narcotic reesien Follow the recommendations and cautions under ADULT 
RATE DEPRESSION, For the initia! reversal of respiratory depression NARCAN should 
ok be edd inneements of 0,008 mg 100.01 mg novus oo ee ine ienas fo 
es 


"RABE M H 5 Nareaic-aduced Depression Tho usul nll dose Is 0.01 mg/kg body 
wekgiit administered ILM, I.M., or S.C This dose may be repeated In accordance with odu 


* . odministratten guidelines for postoperative narcotic depression. ; 
HOW SUPPLIED 0.4 mg/m! of NARGAN® (naloxone hydrochloride) 1 for intravenous, intra- 


ous administration. 
_ ì mi ampuis in boxas of 10 ; NDE 0690-0366-10 


` NDC 0680-0365-15 
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2 mt In boxes of 10 NDC 0690-0367-10 ` " * 10/84SH5190 
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A hypotensive agent for craniotomy and clipping of aneurysms 

Isoflurane may be used as both anesthetic 05% 4% ax o2% 0.8% 
and hypotensive agent, providing for pre- ae ee 
cise control of blood pressure throughout 


procedures such as clipping of cerebral ne 
-0 


aneurysms. '! 


f 200 mum He 
Í 


Plood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the ae in isoflurane concentration and 
the dots mark i-min intervals. Mean blood pressure during the 
normotensive period was 70 mm Hg and a0 min Hg during the 
hypotensive phase.? 
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Control of intracranial pressure for craniotomy 
and excision of space-occupying lesion 


Isoflurane causes no increase in intracranial pressure (ICP) when 
PaCO, is controlled at 25-30 torr, and ICP may be readily lowered 
during surgery by decreasing PaCO,.? 
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A 1 Treatment of hype ion with either isofl halothz 
Control of hypertension during Freee ate y scene aren tye aide 
coronary artery bypass surgery {Adapted from Hess et al”). 
; i * Systemic vascular resistance 
Control of intraoperative hypertension may _ _famnesssecam 
be achieved with isoflurane by lowering | E | 
peripheral vascular resistance (left ventric- Í : 
ular afterload) generally without depress- 4 a | 
| 2000 ~ ‘ 
ing stroke volume or increasing heart rate. “ | 
These effects can be of particular benefit in p | 
patients with compromised left ventricular : o ed : 
function. Halothane is equally effective in J | i | 
lowering blood pressure without increasing | | | : 
heart rate, but it decreases stroke volume. a ee eres i ee eee oes | 
comb hypertension lemtrnerit Jone hypertension treatment 
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With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 


Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.’’® 
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for outpatient surgery 


“Isoflurane is eliminated more rapidly 
than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 
anesthetic.''” (Blood-gas partition coef- 


ficient, only 1.4) Group No. of Patients No. of Patients 
l Sa l with N or N&V 
Anesthesia using isoflurane in a mixture 


of oxygen and air produced a significantly 

E N me | isoflurane, 
lower incidence of nausea and vomiting | fentanyl, O, 20 6 (30%) 
following outpatient laparoscopy than i 
anesthesia that included nitrous oxide.® 


fentanyl, N-O, O, 37 23 (62 %)* 


isoflurane, O., 20 5 (25%) 





Adapted from Alexander et al® *p<0.05 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION: FORANE (isoflurane) is a nonflammable genera! mhalation anesthetic agent. 
it is i-chioro-2,2,2-trifhuoroeth yl diflueramethyl ether, and its structural formula is: 


Some physical constants are: 


Molecular weight 184.65 
Bomag point 760 mm Hg. 48 6 °C (Uncorr} 
Refractive index n2? 1 2990— 1.32005 
Specific gravity 25°25 °C 1.496 
Vapor pressure in mm Hg ‘’ 20°C 238 
25°C 295 
30°C 367 
35°C 450 
** Equation for vapor pressure calculation: 
logiaPvap = A t where: A = 8.056 
T B = -1664 58 


t 


: a °C + 273.16 (Kelvin) 
Partition coefficients @ 37°C 


Waterigas 0.61 

Blood/gas/gas 1.43 

Oiligas 90.8 
Partiuoen coefficients @ 25°C—rubber and plastic 

Conductive rubber/gas 62.0 

Batyi rubber/gas 750 

Polyvinyichloride/gas 116.0 

Polyethylene/gas ~20 

Polyurethane/gas ~14 

Polyolefin/gas ~ ïi 

Buty! acetate/gas ~25 
Purty by gas chromatography 999% 
Lower limit of flammability in oxygen 

or nitrous oxide at 9 joules/sec 

and 23°C None 


Lower limit of flammability in oxygen 
or nitorus oxide at 900 joules/sec Greater than useful concern- 
and 23°C tration in anesthesia. 


isoflurane is a clear, coloriess, stable liquid containing no addsives or chemical stabilizers. 
isoflurane has a mildly pungent, musty, ethereal odor. Samples stored in indirect sunlight in 
clear, colorless glass for five years, as well as samples directly exposed for 30 hours to a 2 amp, 
115 volt, 60 cycle long wave UV light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal sodium methoxide-methanol solution, a strong base, 
for over six months consumed essentially no alkali, indicative of strong base stability. Isoflurane 
does not decorspose in the presence of soda lime, and does not attack aluminum, tin, brass, 
TOD of copper. 


CLINICAL PHARMACOLOGY: FORANE (iseflurane) is an inhalation anaesthetc. The M.A C. 
minimum alveolar concentration} in man is as follows: 


eee 190% Oxygen | 70% NZD 
2644 1 28 0 56 
4447 115 0.56 
6445 1.05 0.37 


induction of and recovery from isoflurane anesthesia sre rapid. Isoflurane has a mild pungency 
which limits the rate of induction, although excessive salivation of tracheobronchial secretions 
do not appear to be stimulated. Pharyngeal and laryngeal reflexes are readily obtunded. 
The level of anesthesia may be changed rapidly with isoflurane. Isoflurane is a profound 
respiratory depressant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED 
WHEN NECESSARY. As anesthetic dose is increased, tidal volume decreases and respirat y 
rate is unchanged. This depression is partially reversed by surgical stimulation, even at deeper 
levels of anesthesia. Isoflurane evokes a sigh response reminiscent of that seen with diethyl 
ether and enflurane, although the frequency is less than with enflurane. 


Biood pressure decreases with induction of anesthesia bul returns toward normal with surgical 
stimulation. Progressive increases in depth af anesthesia produce corresponding decreases m 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane requued to 
reach a desired level of anesthesia and may reduce the arterial hypotension seen with iscflurane 
alone. Heart rhythm is remarkably stable. With controled ventilavon and norma! PaCoO),, 
cardiac output is maintained despite increasing depth of anesthesia primarily through an 
increase in heart rate which compensates for a reduction in stroke volume. The hypercapnia 
which attends spontaneous ventilation during isoflurane anesthesia further increases heart 
tate and raises cardiac output above awake levels. Isoflurane does not sensitize the myocarcdbum 
to exogenously administerd epinephrine in the dog. Limited data indicate that subcutaneous 
injection of 0.25 mg of epmephrine (56 mi of 1:200,000 solution) does not produce an increase in 
ventricular arrhythmias in patients anesthetized with isoflurane. 


Muscle relaxation is often adequate for intra-abdominal operations al normal levels of 
anesthesia. Complete muscle paralysis can be attained with smail doses of muscle relaxants. 
ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH 
ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE. 
Neostigmine reverses the effect of nondepolarizing muscle relaxants in the presence of isoflurane. 
Aili commonly used muscle relaxants are compatible with isoflurane. 


Pharmacokinetics: Isoflurane undergoes minimal biotransformation mm man. In the postanesthesia 
period, only 6.17% of the isoflurane taken up can be recovered as urinary metabohtes. 


INDICATIONS AND USAGE: FORANE isoflurane} may be used for induction and mamtenance 
of general anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia. 


CONTRAINDICATIONS: Known senitivity to FORANE {isoflurane} of other halogenated agents. 
Known of suspected genetic susceptibility to malignant hyperthermia. 


WARNINGS: Since levels of anesthesia may be altered easly and rapidly, only vaporizers 
producing predictable concentrations should be used Hypotension and respiralory depression 
increase as anesthesia is deepened. 


Increased blood loss comparable to that seen with halothane has been observed in patients 
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undergoing abortions. 

FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesia. 
There may be a transient rise in cerebral spina! fluid pressure which is fully reversible with 
hyperventilation. 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) should 
only be administered in an adequately equipped anesthetizing enivronment by those who are 
familiar with the pharmacology of the drug and qualified by training and experience to manage 
the anesthetized patient. 


Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight 
decrease in intellectual function for 2 or 3 days following anesthesia. As with other anesthetics, 
small changes in moods and symptoms may persist for up to 6 days after administration. 


Laboratory Tests: Transient increases in BSP retention. bleed glucose and serum creatinine 
with decrease in BUN, serum cholesterol and alkaline phosphatase have been observed. 


Drug interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, 
most notably nondepolarizing muscle relaxants, and M.A C. {minimum alveolar concentration} 
is reduced by concomitant administration of N.O. See Clinical Pharmacology. 


Carcinogenesis: Swiss ICR mice were given isofiurane to determine whether such exposure 
might induce neoplasia. lsofiurane was given at ¥,, i, and 4a MAC. for four m-utero exposures 
and for 24 exposures to the pups during the first nine weeks of hfe. The mice were Killed at 
15 months of age. The incidence of tumors in these mice was the sarne as in untreated contral 
mice which were given the same background gases, but not the anesthetic. 


Pregnancy Category C: Isoflurane has been shown to have possible anesthetic related fetotoxic 
effect in mice when given in doses 6 umes the human dose. There are no adequate and well- 
controlled studies in pregnant women. Isoflurane should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 


Nursing Mothers: H is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when isoflurane ts administered 
to a nursing Womar. 


Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may trigger a 
skeletal muscie hypermetabolic state leading te high oxygen demand and the clinical syndrome 
known as malignant hyperthermua. The syndrome includes nonspecific features such as muscle 
rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure. (It should 
also be noted that many of these nonspecific signs may appear with hight anesthesia, acute 
hypoxia, etc.) An increase in overall metabolism may be reflected in an elevated temperature 
iwhich may rise rapidly early or late m the case, but usually is not the first sign of augmented 
metabolism) and an increased usage of the CO, absorption system (hot canister). PaO. and 
pH may decrease, and hyperkalemia and a base deficit may appear. Treatment mcludes 
discontinuance of triggering agents (e.q., isoflurane}, administration of intravenous dantrolene, 
and application of supportive therapy. Such therapy includes vigorous efforts to restore body 
temperature to normal, respiratory and circulatory support as indicated, and management of 
electrolyte fluid-acid-base derangements. (Consult prescribing information for dantrolene sodium 
intravenous for additional information on patient management.) Renal failure may appear later, 
and urine flow should be sustained if possible. 


ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
{isoflurane} are in general dose dependent extensions of pharmacophysiologic effects and 
include respiratory depression, hypotension and arrhythmias. 


Shivering, nausea, vomiting, and ileus have been observed in the postoperative period 


As with all other general anesthetics, transient elevations in white blood count have been 
observed even in the absence of surgical stress. 


See PRECAUTIONS for information regarding mahqnant hyperthermia 


OVERDOSAGE: In the event of overdosage, or what may appear to be overdosage, the {miowing 
action should be taken: 


Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
WILD pure Oxygen. 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient, taking into account that secretions are weakly stimulated 
by FORANE isoflurane) and the heart rate tends to be increased’ The use of anticholinergec 
drugs is a matter of choice. 


inspired Concentration: The concentration of isoflurane being dehvered from a vaporizer 
during anesthesia should be known. This may be accomplished by using: 
a) vaporizers calibrated specifically for isoflurane; 
b) vaporizers from which delivered flows can be calculated, such as yvaporizers delivering a 
saturated vapor which is then diluted. The delivered concentration from such a vaporizer 
may be calculated using Use formula 


100 PyFy 
Fy{Pa-Py} 
where Fa» Pressure of atmosphere 
Py Vapor pressure of isoflurane 


Fy = Flow af gas through vaporizer {mi} 
Fe Total gas flow imi 


% ssoflurane = 


isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation of these 
Vaporizers. 

induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous oxide 
mixtures may produce coughing, breath holding, or laryngespasm. These difficulties may be 
avoided by the use of a hypnotic dose of an ultra-short-acting barbituate. Inspired concentrations 
of 1.5 to 3% isoflurane usually produce surgical anesthesia in 7 to 10 minutes. 

Maintenance: Surgical levels of anesthesia my be sustained with a 1.0-2.6% concentration 
when nitrous oxide is used concomitantly. An additional 05% to 1.0% may be required when 
isoflurane is given using oxygen alone. If added relaxation is required, supplemental doses of 
muscle relaxants may be used. 


The level of binod pressure during maintenance 1s an inverse function of isoflurane concentration 
in the absence of other complicating problems Excessive decreases may be due to depth of 
anesthesia and in such instances may be corrected by lightening anesthesia. 

HOW SUPPLIED: FORANE (isoflurane), NDC 10019-360-40. is packaged in 100 ml amber-colored 
bottles. 


Storage: Store at room temperature. Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods in excess of five years 
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TUTORIALS 


WRITTEN AND ORAL 
EXAMINATIONS FOR 
AMERICAN BOARD OF 
ANESTHESIOLOGY 


San Francisco, Hawalli and New York 


è Small group Sessions 
@ Basic science emphasis 


Include telephone number in response 


Write to: 


Box ANA 2/4 83/A 
Elsevier Science Publishing Co., Inc. 
c/o Anesthesia and Analgesia 
Desk Editorial 
52 Vanderbilt Avenue 
New York, NY 10017 





` THE CARDIAC PATIENT ~ 


Management for 
Cardiopulmonary 
Bypass, Il 


APRIL 13-14, 1985 


Colony Square Hotel 
Atlanta, Georgia 


A 20-member faculty of cardiac anesthesiologists, per- 
fusionists, and cardiac surgeons will discuss the physiologic 
changes, monitoring techniques, anesthetic principles and 
therapeutic interventions appropriate for the management of 
pediatric and adult patients before, dust Sand atfer extra- 
corporeal circulation Involving hemodilation, hypothermia, 
cardioplegia, and the potential complications 


FOR INFORMATION CONTACT: 


404/329-0958 Cardiothoracic PG Course 
Departmentjof Anesthesiology 
Emory Clinic i 
404/321-0111 1365 Clifton Road, N.E. 

ext. 3917 Atlanta, Georgia 30322 


or 


A Postgraduate Course Sponsored By: 
THE CARDIOTHORACIC ANESTHESIA DIVISION 
EMORY UNIVERSITY SCHOOL OF MEDICINE 





Specialty Review in Anesthesiology 


May 12 — 


17, 1985 


Recommended by your colleagues — and there are good reasons why. 


Comprehensive 6-Day Review 

They like the fact chat we offer a complete, intensive, and 
up-to-date review of the entire field of Anesthesiology. 
From the fundamental principles that form the basis of 
Anesthesiology, to the recent developments in current 
clinical practice, it’s unlikely that you will find such a 
thorough, well-presented review of Anesthesiology 
elsewhere. | 


rt Faculty 
They like the diversity of our faculty, drawn from several 
Chicago area medical schools, and rounded out by lecturers 
from across the U.S. All of our lecturers are selected 
because of their clinical expertise and their teaching 
ability. 


More than 50 Years of CME Experience 

They like the fact that we've been conducting CME 
courses for more than 50 years, and that we're accredited 
by the Accreditation Council for Continuing Medical 
Education. 


In-Depth State of the Art Review EE i 
Board candidates and residents in training appreciate the 
comprehensive approach. Practicing An ešiologists 
like the authoritative update they receive. ae € 


Once you've attended our SPER Review intAnesthesi- 
ology, we know you'll recommend it to youricolleagues, 


too, and will attend again in the future. Re g 


To find out more about our Specialty Review in Anésthesi- 
ology, and to learn how you can register, mail the coupon 
below or call toll-free, (800) 621-4651. In Hlinois, call 
toll-free, (800) 621-4649. 


apti Review in Anesthesiology 

y 12 — 17, edi 

» 54 AMA Cat 1 Credit Hours 

e Held at: Holi y Chicago City Centre 


e Tuition: $670 for practicing physicians; $500 for fellows 
and residents in training 


The Cook County GRADUATE SCHOOL OF MEDICINE, 
707 South Wood Street, Chicago, Illinois 60612 


4 
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esiology, May 12 — 17, 1985 
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Toll-free (800) 621-4651. In Ilinois, (800) 621-4649. 
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Classified Advertising 





CARDIAC ANESTHESIOLOGIST 

Bowman Gray School of Medicine seeks an 
academic cardiac anesthesiologist. Must be 
qualified to perform clinical, didactic, and 
research activities. Completion of a twelve 
month postgraduate fellowship in cardiac 
anesthesiology within the past three years 
or by July 1985 is required. Send CV and 3 
references to Glenn P. Gravlee, MD, De- 
partment of Anesthesia, Bowman Gray 
School of Medicine, 300 South Hawthorne 
Road, Winston-Salem, NG 27103 An Equal 
Opportunity Employer. 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, R.R. #9 Box 
86 MM, Santa Fe, New Mexico 87501, (505) 
983-7371. 





ANESTHESIOLOGY 

Openings now available at major Navy 
medical centers. Choice locations world- 
wide. Starting salaries to $40,000 in addition 
to outstanding benefit and pension pack- 
age. Write to Navy Opportunity Informa- 
tion Center, Dept. W509, PO Box 5000, Clif- 
ton, NJ 07015. 


BOARD CERTIFIED ANESTHESIOLOGIST 

To join in small community hospital, Wash- 
ington, DC area. Reply to Box ANA 10-84- 
M, % Anesthesia and Analgesia, Desk Edi- 
torial, Elsevier Science Publishing Co, Inc, 
52 Vanderbilt Avenue, New York, NY 10017. 


ANESTHESIOLOGIST 

American Graduate, Board Certified/Board 
Eligible to join eight-man incorporated group 
with CRNAs and School of Anesthesia, 650- 
bed hospital with minimal OB in city of 
400,000 in Midwest. Responsibilities in- 
clude clinical and didatic teaching. Send CV 
to Box ANA 10-84-Q, % Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Co, Inc, 52 Vanderbilt Avenue, New 
York, NY 10017. 


ANESTHESIA MEETING LIST 

Monthly computer update. Year $20.00. R. 
R. Zupp, MD, Inc, Box 3493, Pinedale, CA 
93650. 


MAINE 

Well-established group practice in Bangor 
seeking a BC/BE anesthesiologist. Compet- 
itive salary and excellent retirement/fringe 
benefits package available to successful ap- 
plicant. Serving two hospitals (440/130 beds). 
All types of surgery (except cardiac). Prac- 
tice offers opportunity to enjoy beautiful 
Maine living while being close enough to 


major centers such as Boston. Submit CV 
in confidence to Anesthesia Associates, PA, 
109 State Street, Bangor, ME 04401. 





ILLINOIS i 
Immediate openings for board-certified/ 
eligible anesthesiologists—Assistant and 
Associate Professors. Research opportuni- 
ties. Applications with Curriculum Vitae 
should be forwarded to Dr. Donald W. Ben- 
son, University of Chicago, Department of 
Anesthesiology, 5841 S. Maryland Avenue, 
Chicago, IL 60637. (312) 962-6700. An equal 
opportunity employer. 


MISSOURI 

Anesthesiologist needed at all academic lev- 
els. Must be Board Certified/Eligible. Duties 
include patient care, resident and medical 
student teaching, and research. Positions 
available at the University of Missouri Health 
Sciences Center and the Harry S. Truman 
Memorial Veterans Hospital. Interested ap- 
plicants send a curriculum vitae to: G.W.N. 
Eggers, Jr, MD, Professor and Chairman, 
Department of Anesthesiology, University 
of Missouri-Columbia Health Sciences Cen- 
ter, Columbia, MO 65212. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


CALIFORNIA 

Anesthesiologist. Full-time faculty position 
at the Assistant Professor level, at the UCLA 
Medical Center and affiliated hospitals. Pre- 
requisites: Fellowship year with research 
training and/or special training in subspe- 
cialty area. All candidates must be currently 
in the ABA examination system or board 
certified, meet requirements for California 
licensure, and qualify for an academic ap- 
pointment. Duties include patient care, res- 
ident teaching, clinical investigation, and/ 
or laboratory research. Women and minor- 
ities are encouraged to apply. Submit cur- 
riculum vitae and three letters of reference 
to Stuart F. Sullivan, MD, ent of 
Anesthesiology, UCLA School of Medicine, 
Los Angeles, CA 90024. (213) 206-6253. 


ANESTHESIOLOGIST 

Board certified to head department, 140-bed 
coastal community hospital north of Bos- 
ton. Salaried position with benefits pack- 
age. Send CV to T. Scharfenstein, Presi- 
dent, Addison Gilbert Hospital, Gloucester, 
MA 01930. 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


CALIFORNIA 

WORLDWIDE ANESTHESIA is an exciting 
organization of anesthesiologists and CRNAs 
who specialize in relief services and provide 
qualified candidates for permanent posi- 
tions throughout the US. To be included in 
our computerized data base or to recruit 
from the nation’s largest resource of anes- 
thesia personnel, call today or write World- 
wide Anesthesia, PO Box 1547, Ukiah, CA 
95482. Nationwide (800) 327-8427. “Over a 
decade of placement experience.” 


FELLOWSHIP—CRITICAL CARE MEDICINE 
The Maryland Institute of Emergency Med- 
ical Services invites applications for Fellow- 
ship in Critical Care Medicine beginning July 
1, 1985. The Institute, part of University of 
Maryland Hospital, has its own admitting 
area, operating suites, hyperbaric chamber, 
critical care recovery, and intensive care units 
and serves as a speciality referral center for 
severe trauma and other life-threatening 
conditions in the State of Maryland. The 
Critical Care Fellowship offers in-depth ex- 
posure to all aspects of adult critical care 
with emphasis on surgical conditions. This 
includes cardiorespiratory management, 
invasive monitoring, hyperalimentation, 
management of sepsis and renal failure as 
well as the opportunity to participate in the 
Institute’s research . Applicants 
should be board eligible or certified in anes- 
thesia, emergency medicine, medicine, or 
surgery. Reply to John S. Britten, MD, Chief, 
Critical Care Medicine, % MIEMSS, 22 S. 
Greene St., Baltimore, MD 21201. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sifled advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or otherevents. 
Display space an Ae) is algo avail- 
able Pharmaceu Media, Inc. Rates 
for classified advertising: $.90 per word, min- 
imum twenty words; box number ads $1.00 
word. Copy deadline 7 weeks prior to pubi- 
cation, e.g., for the March ren y 

be received by the 1st of January. payment 
or institutional purchase order must accom- 
pany the copy for each ad. Ads received with- 


Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
ishing Co, Inc. 








EAST CENTRAL ILLINOIS 

Progressive 210 bed hospital seeking boarded 
Anesthesiologists. Attractive college town. 
Average 400 surgeries monthly. Send CV 
to Bill Rauwolf, SBLHC, Box 372, Mattoon, 
IL 61938. 


PRIVATE TUTORING AVAILABLE FOR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 


ANESTHESIOLOGIST, CHIEF 

Large metropolitan teaching hospital is 
seeking a board certified, MO licensed 
anesthesiologist with 2-3 years experience 
as anelee for medium to large acute 
care hospital. Prefer supervisory experi- 
ence. In addition to the fee for service prac- 
tice, this position will be responsible for se- 
lection, orientation, evaluation and 
scheduling of anesthesiologist and CRNA 
staff. Please submit resume in confidence 
to Box A1, % Anesthesia and Analgesia, Desk 
Editorial, Elsevier Science Publishing Co, 
Inc, 52 Vanderbilt Avenue, New York, NY 
10017. 


ANESTHESIOLOGIST 
Management corporation has opportunities 
for qualified Anesthesiologist to serve hos- 
‘irae under contract. Prefer Board certified 
ut not required. Attractive income and 
benefit package. No investment, adminis- 
trative management, billin 6 or collection 
problems. Opportunities for permanent 
placement in a quality private practice. Send 
CV to Anesthesia Management, Inc, PO Box 
988, Worcester, MA 01613. 


ILLINOIS 

PhD Pharmacologist with a minimum of 5 
years experience is being sought to partic- 
ipate in the research program in the De- 
partment of Anesthesiology at the Univer- 
sity of Ilinois Medical Center, Chicago. 
Please reply to Alon P. Winnie, MD, Pro- 
fessor and Head, Department of Anesthe- 
siology, University of Illinois at Chicago, 
1740 W. Taylor Street, Chicago, IL 60612. 
The University of Illinois is an Equal Op- 
portunity/Affirmative Action Employer. 





WISCONSIN 

Marshfield Clinic seeks additional anesthe- 
siologists to join 8 MDs and 18 CRNAs in 
providing services for multispecialty group 
of 200 physicians practicing in a 512 bed 
hospital. Please send curriculum vitae to 
Sidney E. Johnson, MD, Marshfield Clinic, 
Marshfield, WI 54449 or call collect at (715) 
387-5253. 


LOUISIANA 

Tulane University’s young dynamic anes- 
thesia department is seeking additional fac- 
ulty. Opportunities are available in re- 
search, teaching, and clinical care in this 
growing academic department. Experience 
in Intensive Care, Respiratory Therapy, 
Cardiac and/or Pediatric Anesthesia an ad- 
vantage. Please send curriculum vitae to Alan 
W. Grogono, MD, Professor and Chairman, 
Department of Anesthesiology, Tulane 
University School of Medicine, 1430 Tulane 
Avenue, New Orleans, LA 70112 or call (504) 
588-5067. Selections for candidates will be- 
gin October 1, 1984 on an on-going basis. 
Tulane University is an Affirmative Ac- 
tion/Equal Opportunity Employer. 


VARIETY AND QUALITY IN WORK AND LIFE 
Join six MDs and nine CRNAs who provide 
anesthesia services for a 550-bed general 
hospital in Tulsa, OK. While offering the 
social, cultural, and recreational opportun- 
ities found only in larger cities, Tulsa 
is centered in an area of lakes allowing easy 
access to outdoor activities. Our practice in- 
cludes active neurological, cardiothoracic, 
vascular, and outpatient surgical services. 
Coverage for obstetrics, includes epidurals 
for some vaginal deliveries. We personally 
administer anesthetics as well as supervise 
CRNAs. If you are an Anesthesiologist cur- 
rently trained and experienced in these areas 
and board certified or actively pursuing 
certification you should consider our group. 
We are offering a very competitive salary, 
excellent benefits, and a good place to live 
and practice. Send a letter with CV to J. 
Frederick Jones, MD, Tulsa Anesthesiolo- 
gists, Inc., 1145 S. Utica Ave., Suite 465, 
Tulsa, OK 74104. 





HOW TO CHOOSE AND MANAGE 
ANESTHESIA PRACTICE 

How to Choose and Manage Anesthesia 
Practice, a seminar for anesthesia residents 
and recent graduates in anesthesia spon- 


sored by District 2 of NYSSA will take place 
on Saturday, March 16th, 1985, at Beth Is- 
rael Medical Center in New York. For fur- 
ther information write or call I. Azar, MD, 
(212) 420-2385. 





MARYLAND 

Immediate opportunity for BC/BE Anesthe- 
siologist in hospital-affiliated ambulatory 
facility. Corporate practice and benefits. No 
night or weekend call. Send CV to Box A2, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Co, Inc, 52 Van- 
derbilt Avenue, New York, NY 10017. 


ACADEMIC ANESTHESIOLOGIST 

Academic department seeking additional 
faculty with outstanding qualifications in 
clinical care, teaching, and research. All ma- 
jor clinical disciplines represented. Re- 
quired is a four-year educational continuum 
or its equivalent, including training in a 
clinical specialty or in research. Faculty rank 
and salary commensurate with training and 
experience. Excellent opportunity for 
professional development, with facilities for 
independent or collaborative research. Send 
curriculum vitae to Ronald A. Gabel, MD, 
Professor and Chairman, Department of 
Anesthesiology, University of Rochester 
Medical Center, Rochester, NY 14642. The 
University of Rochester is an equal oppor- 
tunity employer. 


ARIZONA 

Anesthesiologist wanted to join established 
and expanding group in Tucson, serving 
existing 375-bed hospital and new 150-bed 
hospital. All types of cases including neuro, 
vascular, cardiothoracic, no OB. Prefer per- 
manent position, but would consider locum 
tenens. Board certified or eligible. Send CV 
and inquires to Box A3, % Anesthesia and 
Analgesia, Desk Editorial, Elsevier Science 
Publishing Co, Inc, 52 Vanderbilt Avenue, 
New York, NY 10017. 


ANESTHESIOLOGIST NEEDED 
BE/BC. Young staff, progressive hospital on 
beautiful shores of Western Michigan. All 
types of surgery except open-heart, no OB. 
rience in pain management ired. 
ary negotiable. Send CV to M.J. Kilbride, 
DO, Muskegon General Hospital, 1700 Oak 
Avenue, Muskegon, MI 49442. 


JEFFERSON MEDICAL COLLEGE 
THOMAS JEFFERSON UNIVERSITY 
IN HISTORIC PHILADELPHIA 


THE DEPARTMENT OF 
OTOLARYNGOLOGY AND THE OFFICE OF 
CONTINUING MEDICAL EDUCATION 


present 


THE USE OF THE CO2 LASER 
FOR HEAD AND NECK SURGERY 


at Jefferson Medical College 
Philadelphia, PA. 


A two day workshop given on the following dates: 
February 22-23, 1985 
April 19-20, 1985 


ANESTHESIOLOGISTS: 
e 8 credit hours in Category | 
e participation in Day | of each two day workshop 
e fee: $300.00 


OTOLARYNGOLOGISTS: 
e limited to 12 participants 
e 16 credit hours in Category | 
e participation In Day | and Day Il, Including four (4) hours 
of laboratory exercises. 
ə fee: $850.00 


Registration fee Includes course syilabus, 
continental breakfasts, coffee breaks, luncheons 
and an evening banquet. 


For information regarding registration call: 
Office of Continuing Medical Education 
(215) 928-6992 


For information regarding course content call: 
LOUIS D. LOWRY, M.D., PROGRAM DIRECTOR 
STEVEN R. CHESNICK, M.D., CO-DIRECTOR 
AT (215) 928-6784 
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tear out and mail to: 
THE USE OF THE CO: LASER 
FOR HEAD AND NECK SURGERY 
Jefferson Medical College 
Office of Continuing Medical Education 
1025 Walnut Street e Philadelphia, PA. 19107 


Name 

Address 

City | 

State. 0 Zi Code 
Date of workshop you wish to attend 

Phone 


District 2 of The New York Soclety of Anesthesiologists 
Presents A Seminar on 
HOW TO CHOOSE AND MANAGE 
AN ANESTHESIA PRACTICE 
Saturday March 16, 1985 
Beth Israel Medical Center—Podell Auditorium 
10 Nathan D. Perlman Place, New York, N.Y. 
SPEAKERS: Paul Barash, M.D., Alexander Hastie, M.D., 
H. Ketcham Morrell, M.D., Gerald Weinberger, M.D., 
Louise .Blancato, M.D., Erwin Lear, M.D., Jean 
M.D., Robert A. Wild, Esq. 
Program Director: Isaac Azar, M.D. 
For further Information write to: I. Azar, M.D., Beth Israel 
Medical Center, 10 Nathan D. Perlman Place, New York, N.Y., 
or call 212 420-2385 


+ 


Anestheslology Educational Foundation presents 
COMPUTING IN ANESTHESIA 
February 25 - March 1, 1985 
Miramar-Sheraton Hotel, Santa Monica, California. 


Objective: The Symposium will bring together interna- 
tlonal authorities who will provide insights 
Into the present and future course of comput- 
ers in anesthesia. Specialists in anesthesia, 
intensive care and computer science will 
describe thelr research and utilization of 
computers in data acquisition and display, 
computerized monitoring, computer-based 
education and Instruction, data-base man- 
agement and knowledge-based computer 
systems. 


Faculty: G. O. Bamett, F. E. Block, Y. Fukui, C. A. 
Kulikowski, J. H. Philip, H. E. Pople, A. K. 
Ream, J. W. Severinghaus, E. H. Shortiiffe, N. 
T. Smith, C. Wakeland, F. E. Yates. 


CME Credit: 22 hours Category | 


Further Information: 


Anesthesiology Educational Foundation 
PO Box 24230 

Federal Building 

Los Angeles, CA 90024 





Navy Anesthesiology. 
Its the kind of opportunity youre lo oking for. 


Right from the start, in anesthe- 
siology and other specialties, 
Navy medicine offers you a 
broader range of opportunities 
than you'd find in your first vears 
of practice asa civilian specialist. 
Valuable expertence from a diver- 
sified patient population, and the 
chance to combine clinical prac- 
tice with teaching or research. 

Navy subsidized training 
offers a continuous opportunity 
to learn more with further study 
in sub-specialties, like neuro- 
anesthesia. pediatric or cardio- 
vascular anesthesia. and the 
treatment of chronic pain. And 
there are exciting operational 
fields to explore. like aviation or 
undersea medicine. 

You Il work with excellent 
equipment, medical support and 
backup services. The decisions 
vou make are vour own. but ready 
consultation is always available. 


There's professional challenge. 
the x lsdel UAE Didik Of a N21 


officer's lifestyle and worldwide 
travel for you and vour family if vou 
choose an overseas assignment. 
Starting salaries can go as 

high as $40,000 with additional 
Navy benefits adding even more 
to your income. There's no “boot 
camp” training required and 
vou accept vour first assignment 


only when its location-mects 
with your satisfaction. 

For complete details about 
anesthesiology or any other Navy 
speci; lty; call toll-free 
800-327-NAVY or send in the 
coupon. The opportunities you re 
looking for could be right ħere. 
In the Navy. 


NAVY OPPORTUNITY 
INFORMATION CENTER 

PO. Box 5000 

Clifton, New Jersey 07015 (ØM) 


Name 
Street 
City 
Phone 


(Area Code & No.) 
+Medical School 


Year Graduated. iy Seay is* ee 
| Applicant must be citizen of the United States and be currently in, or a graduate of, an AMA-approved residency in anesthesiology. 


This is for general recruitment information. You do not have to furnish any of the information requested. Of course, the more we 
know, the more we can help to determine the kinds of Navy positions for which you qualify. 


you want to be. 
In the Navy. 


(Please Print or Type) Last 


Be the doctor 
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(Best time to call) 
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The journal of the International Association for the Study of Pain 
publishing reviews and original research papers on the nature, 


Editor-in-Chief 


mechanisms and treatment of pain 


P.D. WALL, Department of Anatomy, University College London, Gower Street, 


London WCIE 6BT, UK. 





“his journal is the official publi- 
ation of the International 
“\ssociation for the Study of Pain 
ind its intention is to bring 
ogether information about the 
mature, mechanisms and treat- 
ment of pain. PAIN provides a 


orum for original research reports 


ind reviews from the many disci- 
lines involved in the study of a 
Kebilitating and seemingly 
jterminable affliction. It contains 
urrent clinical and basic infor- 
anation about the nature, mecha- 
misms and treatment of pain in 
he following areas: anaesthesio- 
ogy; anatomy; dentistry; general 
urgery; medicine; physiology; 
ysychiatry; psychology. 


‘ditors 
K.J. Bonica, Seattle, WA, U.S.A. 
`. Iggo, Edinburgh, U.K. 
K. D. Loeser, Seattle, WA, U.S.A. 
N. Noordenbos, Amsterdam, 
æ he Netherlands 


_=xecutive Secretary 
«Års. J. O'Connor, London, U.K. 


Editorial Panels 
Anaesthesiology: 
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comes first 
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Siemens - the world leader in advanced 
ventilators. 
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Tel.: (312)397-5900 

For countries outside the U.S.: 


Siemens-Elema AB, Ventilator Division. 
S-17195 Solna, Sweden 
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‘The Anectine 20 mg Bottle 

has a unique square shape 
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„oft use. The distinctive yellow 


and red label can be read trom 
the reverse side for instant iden- 
tification. 


Burroughs Wellcome Co: 
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No paral needle. or. syringe is is nec- 
essary. And, both the 500 and 1000 mg 
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either bottles or bags. 
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In neuromuscular blockade... 


losest to the ideal: 


Free of clinically 
% of control Significant 
cardiovascular effects 


NORCURON is the only surgical 
muscle relaxant for which no clinically 
Significant adverse cardiovascular 
effects have been observed in clini- 
cal trials.'° This makes NORCURON 
unique among all neuromuscular 
blocking agents in clinical use.‘ 








Adapted from Morris, R.B., et al., Anesthesiology 1983, 58:438 


MINUTES AFTER ADMINISTRATION 








The Effect of Non-depolarizing Muscle Relaxants Histamine release 
on Histamine Levels, Mean Arterial Pressure and Heart Rate’ unlikely to occur 
Percent of Control Histamine release has not been 
Drug Dose xED,, Histamine Mean Arterial Heart n d with A ree nae <a 
(mg/kg) Shen Rate y preliminary clinical experience. In 
doses up to 3.5 times the ED.,, it causes 
no increase in circulating histamine 
epecuenne, Ss 316 i oe nor does it decrease systemic blood 
metocurine 0.5 212 79 119 pressure.’ 
atracurium 0.6 192 80 108 | 
i Hypotension and tachycardia tend to occur when 
vecuronium 0.1 : 117 99 histamine levels are increased to about 200% 
vecuronium 0.2 3. 87 99 ioe | “Se! 
The Neuromuscular Effects of Maintenance Doses No clinical y 
of Vecuronium, Atracurium and Pancuronium 87 significant 
cumulative 
effects seen 


With NORCURON cumulative 
effects are not seen in clinical 
practice. The interval between 
Pancuronium 0.02 mg/kg repeated doses has been found to 
remain constant between as 
many as six to ten repeated 
administrations.®’ 
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Atracurium 0.08 mg/kg 


Vecuronium 0.015 mg/kg 


1 2 3 4 5 6 7 
Number of Doses of Muscle Relaxant 








NORCURON 


(vecuronium bromide for injection) 


Safety Index and Comparative Safety Ratios® 


ED., autonomic inhibition 
Safety Index = 
ED,, neuromuscular blockade 


Comparative Safety Ratios 


For Vagolytic Effects For CV/Histamine Related Effects 


gallamine 1:1 d-tubocurarine 1:1 
pancuronium 3:1 metocurine 2) 
atracurium 25-30:1 atracurium < Be 
vecuronium 60:1 vecuronium x 


*cannot be calculated since it does not cause any CV 
or histamine related effects 





Onset of Action — 





Histamine Release + 






Cardiovascular 
Side Effects = - 


Duration of Action e 
Cumulative Effects + 
Rate of Recovery + 
Reversibility + 
Potency $ t 
Non-depolarizing + + 
Metabolite Activity 


"Currently under evaluation 








A Comparison of Surgical Muscle Relaxants vs. The Ideal4 
(“ +” signifies proximity to the ideal) 


Characteristic Vecuronium Atracurium Pancuronium Succinylicholine D-tubocurarine 


Outstanding 
safety profile 


The Safety Index helps quantify the im- 
proved safety of the newer muscle relax- 
ants on a relative basis. The characteristics 
of cardiovascular effects and histamine 
release are areas where the new agents, 
particularly NORCURON, have made the 
most significant gains.° 


The Safety Index is described as the ED 
for autonomic inhibition over the ED.. for 
neuromuscular blockade.® 
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(vecuronium bromide for injection) 
Closest to 
the ideal 


Of the newer short- to intermediate-acting drugs, 
NORCURON has the most ideal profile, 
specifically attributable to its outstanding safety 
features relating to cardiovascular side effects and 
histamine-releasing properties.‘ 


Al 


t. Durant NN: Norcuron® — A new non-depolarizing neuromuscular blocking agent. Semin Anesth 
1:47-56., 1982. 2. Morris RB, Cahaian MK, Miller RD, et al: Cardiovascular effects of vecuronium (ORG 
NC45) and pancuronium in patients undergoing coronary artery bypass grafting. Anesthesiology 
58:438-440, 1983. 3. Krieg N, Crul JF. Booij LH: Relative potency of ORG NC45. pancuronium, aicuro- 
nium, and tubocurarine in anaesthetized man. Br J Anesth 52:783-787, 1980. 4. Miller RD (ed): inno- 
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July 1984. NORCURON® (NC-45) 


Vecuronium Bromide for Injection 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 
DESCAIPTION: NORCURON® (vecuronium bromide for injection) :s a nondepolarizing neuromuscular blocking 
agent of intermediate duration. chemically designated as piperidinium, 1-[(28. 3a. Sa, 168. 1781-3, 17-bis (ace 
tyloxy}-2-(1- piperidiny!) androstan-16-yi]-1-methyl-. bromide. The structural formula is. 
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i t 
Norcuron* ig supplied as a sterile freeze-dned buffered cake of very fine microscopic crystalline particles for intra- 
venous injection only. Following reconstitution with solvent {water for injection) the resultant solution is isotonic 
and has a pH of 4. Each 5 mi vial contains 16 mg vecuronium bromide. Each vial also contains citric acid. dibasic 
ae phosphate. sodium hydroxide. andor phosphoric acid to buffer and adjust pH and mannitol to make :s0- 
onic, 


CLINICAL PHARMACOLOGY: Norcuron® (vecuronium bromide for injection) is a nondepolanzing neuromuscular 
blocking agent possessing all of the charactenstic pharmacological actions of this class of drugs (curarstorm)}. It 
acts by competing tor cholinergic receptors at the motor end-plate. The antagonism to acetyicholine is inhibited 
and neuromuscular block is reversed by acetyicholinesterase inhibitors such as Hoan lees edrophomum, and 
pyridestigmine. Norcuron* is about 13 more potent than pancuronium: the duration of neuromuscular Diockade 
produced by Norcuron* is shorter than that of pancuronium at intially equipotent doses. The time to onset of 
paralysis decreases and the duration of maximum effect increases with increasing Norcuron doses. The use of a 
penpherat nerve stimulator is of benefit in assessing the degree of muscular relaxation. 


The EOgy (dase required to produce 90% suppression of the muscie twitch response with balanced anesthesia) 
has averaged 0.057 mg:kg (0.049 to 0 062 mgkg in various studies) An initial Norcuron* dose of 0.08 to @ 1 
mgikg generally produces first depression of twitch in approximately 1 minute. good or excellent intubation condi 
tions within 2 5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of imection in mast 
patients. Under balanced anesthesia. the time to recovery to 25% of control (clinical duration) 1s approximately 25 
to 40 minutes after injection and recovery 1s usually 95% complete approximately 45-65 minutes after imection of 
intubating dose. The neuromuscular biocking action of Norcuron® 1s slightly enhanced in the presence of potent 
inhalation anesthetics. if Norcuron* ts first administered more than 5 minutes after the start of the inhalation af 
enfiurane. isofiurane, or halothane. or when steady state has been achieved, the intubating dose of Norcuron® 
(vecuronium bromide for injection} may be decreased by approximately 15% {see Dosage and Administration Set- 
hon). Pror administration of succinyichaline may enhance the neuromuscular blocking effect of Norcuran” and 
its duration of action. With succinyicholine as the intubating agent. initial doses of 0.04-0 06 mg. kg of Norcuron* 
will produce complete neuromuscular block with clinical duration of action of 25-30 minutes. If succinyicholine is 
used prior to Norcuran*. the administration of Norcuron® should be delayed unt the patient starts recovering 
from succiny!choline-induced neuromuscular blockade. The effect of prior use of other nondepolarizing neuro- 
muscular blocking agents on the activity of Narcuron* has not been studied {see Drug interactions). 


Repeated administration of maintenance doses of Norcuran’ has fittie or no cumulative effect on the duration of 
neuromuscular blockade. Therefore. repeat doses can be administered at relatively regular intervais with predict- 
able results. After an initial dose of 0.08 to 0.10 mag’kg under balanced anesthesia, the first maintenance dose 
{suggested maintenance dose is 0.010 to 0.018 mg. kg) Is generally required within 25 to 40 minutes: subsequent 
maintenance doses. :f required, may be administered at approximately 12 to 15 minute intervals Halothane anes- 
thesia increases the clinical duration of the maintenance dose only slightly. Under enflurane a maintenance dose of 
0.010 mg/kg is approximately equal to a 0.015 mg:kg dose under balanced anesthesia 


The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 
anesthesia When recovery from Norcuron* neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started the neuromuscular block produced by Nor- 
curon” {vecuronium bromide for injection) is readily reversed with various antichalinesterase agents, €g. pyre 
dostigming, neostigmine. oF edrophanium in conjunction with an anticholinergic agent such as atropine or 
glycopyrrolate There have been no reports of recurarization following satisfactory reversal of Narcuron® induced 
neuromuscular blockade: rapid recovery is a finding consistent with its short elimination haif-iife. 


Pharmacokinetics: At chnical doses of 0.04-0.10 mg:kg. 60-80% of Norcuron® is usually bound to piasma pro- 
tein. The distnbution half-life following a single intravenous dose (range 0.025-0.280 mg’kg} is approximately 4 
minutes. Elimination half-life over this same dosage range is approximately 65-75 minutes in healthy surgical 
patients and in renal failure patients undergoing transplant surgery in late pregnancy, elimination haif-lite may be 
shortened to approximately 35-40 minutes. The volume of distribution at steady state 1s approximately 300-400 
mikg: systemic rate of clearance is approximately 3-4.5 ml/minute’kg. In man. urine recovery of Norcuron ” 
varies from 3-35% within 24 hours. Data derived from patients requiring insertion of a T-tube in the common bile 
duct suggests that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only 
unchanged Norcuron® has been detected in human plasma following chrical use. One metabolite. 3-deacety! 
vecuronium. has been recovered in the urine of some patients in quantities that account for up to 10% of the 
injected dose: 3-deacety! vecuronium has aiso been recovered by T-tube in some patients accounting for up to 
25% of the injected dose 


This metabolite has been judged by animal screening (dogs and cats) to have 50% or more of the potency of Nor- 
curon® (vecuronium bromide for injection}: equipotent doses are of approximately the same duration as Nor- 
curon* in dogs and cats. Biliary excretion accounts for about half of the dose of Norcuron® within 7 hours in the 
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from Norcuran®. Limited data 
derived from the patients with cirrhosis or cholestasis suggests that some measurements of recovery may be 
doubled in such patients in patients with renal failure. measurements of recovery do nat differ significantly from 
Simlar measurements in healthy patients. 


Studies involving routine hemodynamic monitoring in good nisk Surgical patients reveal that the administration of 
Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce ciini- 
cally significant changes in systolic, diastohe of mean arterial pressure. The heart rate, under similar monitoring. 
remained unchanged in some studies and was lowered by a mean of up to 8% in other studies A large dose of 0.28 
mg-kg administered during a period of na stimulation. while patients were being prepared for coronary artery 
bypass grafting. was not associated with alterations in rate-pressure-product or pulmonary-capillary-wedge pres- 
sure. Systemic vascular resistance was lowered slightly and cardiac output was increased insignificantly. (The 
drug has not been studied in patients with hemodynamic dysfunction secondary to cardiac valvular disease. } Lim- 
ted clinical experience (3 patients) with use of Norcuron®* during surgery for pheochromocytoma has shown that 
administration of this drug is not associated with changes in Diood pressure of heart rate. 


Uniike other nondepolarizing skeletal muscie relaxants, Norcuron* (vecuronium bromide for injection} has no 
Clinically significant effects on hemodynamic parameters and wili not counteract those hemodynamic changes or 
known side effects produced by or associated with anesthetic agents. 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients indi- 
cate that hypersensitivity reactions such as bronchospasm. flushing, redness. hypotension, tachycardia, and 
other reactions commonly associated with histamine release are unlikely to occur. 


INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: None known. 


WARNINGS: NORCURON* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING iTS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION. OXYGEN THERAPY, AND REVERSAL AGENTS 
ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION in 
patients who are known to have myasthenia gravis or the myasthenic {Eaton Lambert) syndrome. smal! doses of 
Norcuron*® may have profound effects. in such patients. a peripheral nerve stimulator and use of a smali test dose 
may be of value in monitoring the response to administration of musce relaxants. 

PRECAUTIONS: l 

Renal Failure: Norcuron” {vecuronium bromide for injection} is well-tolerated without climcally Significant pro- 
longation of neuromuscular blocking effect in patients with renal failure who have been optimally prepared for sur- 
gery by dialysis Under emergency conditions in anephric patients same prolongation of neuromuscular Diockade 
may occur. theretore. if anephric patients cannot be prepared for nan-elective surgery. a lower initiai dose of Nar- 
curon” should be considered. 

Altered Circulation Time: Conditions associated with slower circulation time in Cardiovascular disease. old age, or 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time: therefore 
dosage should not be increased. 

Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery 
time in keeping with the role the liver plays in recovery from Norcuron* metabolism and excretion {see Pharmaco- 
kinetics). Data currently available do not permit dosage recommendations in patients with impaired hver function 


UNDER THE ABOVE CONDITIONS. USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING 
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way andor ventilatory problems requiring special care before, during and after the use of neuromuscular blocking 
agents such as Norcuron® (vecuronium bromide for injection). 

Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of beng capable of taggering a 
potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived from screening in susceptible animais (swine) to establish whether or not Norcuron® is capable of trig- 
géering maitqnant hyperthermia 


Norcuron® has no known effect on consciousness. the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia. 


Drug interactions: Prior administration of succinylchoiine may enhance the neuromuscular blocking effect of Nor- 
curon? and its duration of action. if succinyicholine is used betore Norcuron®, the administration of Norcuron*® 
shouid be delayed unti the succinyichaline effect shows signs of wearing off. With succinyicholine as the mtubat- 
‘Ag agent. initial doses of 0.04-0.06 mg’kg of Norcuron® may be administered to produce complete neuromuscu- 
‘ar Block with clinical duration of action of 25-30 minutes {see CLINICAL PHARMACOLOGY}. 


The use of Norcuron* (vecuronium bromide for injection) betore succinyicholine, in order to attenuate some of the 
side effects of succinyichaline. has not been sufficiently studied Other nondepolarizing neuromuscular blocking 
agents (pancuronium, d-tubocurarine. metocurine, and gallamine} act in the same fashion as does Norcuron®: 
therefore these drugs and Norcuron* may manifest an additive effect when used together There are insufficient 
data to support concomitant use of Norcuron” and other competitive muscle relaxants in the same patient 


inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane. isoflurane, and halothane with 
et whl enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and 
isofiurane 


With the above agents the initial dose of Norcuron* may be the seme as with balanced anesthesia uniess the :nha- 
ahonal anesthetic has been admunistered for a sufficient time at a sufficient dose te have reached clinical equili- 
brum (see CLINICAL PHARMACOLOGY}. 


Antibiotics: Parenteral: intraperitoneal administration of high doses of certain antibiotics may intensify or produce 
a neuromuscular block on their own. The following antibiobcs have been associated with various degrees of paral- 
ysis amimogiycosides (Such as neomycin. streptomycin. kanamycin, gentamicin. and dihydrastreptomycin}: 
tetracycines; bacitracin. polymyxin B; colistin: and sodium colist-methate. If these or other newly introduced anti- 
botes are used in Conjunchon with Norcuron® (vecuronium bromide for injection) during surgery, unexpected 
prolongation of neuromuscular block shouid be considered a possibility. 


Other: Expenence concerning injection of quinidine during recovery from use of other muscle relaxants suggests 
that recurrent paralysis may occur. This possibility must also be considered for Narcuron*. Norcuroen® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animais 
(cat) Electrolyte imbalance and diseases which lead to electrolyte imbalance. such as adrenal cortical insuffi- 
ciency. have been shown to alter neuromuscular blockade. Depending on the nature of the imbalance. either 
enhancement or inhibition may be expected. Magnesium saits, administered for the management of toxemna of 
pregnancy, May enhance neuromuscular blockade. 


Brug: laboratory test interactions: None known. 


Carcinogenesis, Mutagenesis. impairment of Fertility: Long-term studies in animais have not been performed to 
evaluate carcinogenic of mutagenic potential or impairment of fertility. 


Pregnancy: Pregnancy Category C: Anima! reproduction studies have not been conducted with Norcuron® His 
also not known whether Norcuron* can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Norcuron* shouid be given to a pregnant woman only if clearly needed. 


Pediatric Use: Infants under 1 year of age but older than 7 weeks. also tested under halothane anesthesia. are 
moderately more sensitive to Norcuron* (vecuronium bromide for injection) on amg. kg basis than adults and take 
about i17 times as long to recover. information presently available does not permit recommendations for usage in 
neonates 


ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
tnais The mast frequent adverse reaction to nondepoiarizing blocking agents as a class consists of an extension of 
the drug s pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from 
sxeletai muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insuffi- 
cency or apnea 


inadequate reversal of the neuromuscular blockade, although not vet reported. is possible with Norcuron® as with 
ail curanform drugs. These adverse reactions are managed by menuai or mechanical ventiation until recovery is 
judged adequate Little or no increase in intensity of blockade or duration of action of Narcuron’ is noted trom the 
use of thiobarbiturates, narcotic analgesics, nitrous oxide. or droperidol. See OVERDOSAGE for discussion of 
o'her drugs used wt anesthetic practice which aiso cause respiratory depression. 


OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdo- 
Sage can be minimized by carefully monitoring muscie twitch response ta peripheral nerve stimulation. Excessive 
doses of Norcuran* (vecuronium bromide for injection) can be expected to produce enhanced pharmacological 
effects Residual neuromuscular Diockade beyond the time period needed for surgery and anesthesia may occur 
with Norcuron” as with other neuromuscular blockers. This may be manifested by skeletal muscie weakness. 
decreased respiratory reserve, iow tidal volume, or apnea. A penpheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade and heip to differentiate residual neuromuscular blockade from other 
causes of decreased respiratory reserve. Respiratory depression may be due either wholly of in part to other drugs 
used during the conduct of general anesthesia such as narcotics. thiobarbiturates and other central nervous sys- 
tem depressants. Under such circumstances the primary treatment is maintenance of a patent airway and manual 
of mechanical ventilation unt! complete recovery of norma! respiration is assured. Regonol® {pyridostigmine 
bromide injection). neostigmine. or edrophanium, if conjunction with atropine or glycopyrrolate will usually anta- 
gonize the skeletal muscie relaxant action of Norcuron®. Satisfactory reversal can be judged by adequacy of skele- 
tai muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also be used to monitor 
restoration of twitch height. Failure of prampt reversa! (within 30 minutes) may occur in the presence of extreme 
cebitation. carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents 
ard other drugs which enhance neuromuscular blockade or cause respiratory depression of their own. Under such 
cicumstances the management is the same as that of prolonged neuromuscular Diockade. Ventilation must be 
supported by artificial means until the patient has resumed control of his respiration. Prior to the use of reversal 
agents, reference should be made to the specific package insert of the reversal agent. 


DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide for injection} 1s for intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians famuhar with the use of neuro- 
muscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derved fram studies based upon units of drug per umt of body weight and is intended to serve as a guide only. 
especially regarding enhancement of neuromuscular Diockade of Norcuron® by volatile anesthetics and by prior 
use of Succityicholine (see PRECAUTIONS Drug Interactions}. Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior to administration, whenever solution and container permit. 


To obtain the maximum clinical benefits of Norcuran* and to mindmuze the possibilty of overdosage, the moni- 
to-ing of muscle twitch response to peripheral nerve stimulation is advised. 


The recommended initial dose of Norcuron® is 0.08 to 0.10 mg’kg (1.4 to 1.75 times the EDog) given as an intra- 
venous bolus injection. This dose can be expected to produce good or excellent non-emergency intubation condi- 
tiens in 2 5to 3 O minutes after myection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-9 minutes. with recovery to 25% of contro achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of contro! achieved approximately 45-65 minutes after injection. in the presence of 
potent inhalation anesthetics, the neuromuscular blocking effect of Norcuron® (vecuronium Bromide for injection} 
is enhanced. If Norcuran* is first administered more than 5 minutes after the start of inhalation agent or when 
strac state has been achieved, the initial Norcuron* dose may be reduced by approximately 15%. t.e.. 0.060 to 
D&S mg/kg 


Pror administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Nercuron®. H intubation is pertormed using succinylchaline, a reduction ot initial dose of Norcuron® to 0.04-0.06 
mg- kg with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 


Dunng prolonged surgical procedures. maintenance doses of 0.010 to 0.015 mg’kg of Norcuron® are recom- 
mended: after the initial Norcuran® injection, the first maintenance dose will generally be required within 25 te 40 
minutes However, clinical criteria should be used to determine the teed for maintenance doses. Since Norcuran® 
jacks cinicaliy important cumulative effects, subsequent maintenance doses. if required. may be admimstered at 
relatively regular intervals for each patent. ranging approximately from 12 to 15 minutes under balanced anesthe- 
Sia. sightly longer under inhalation agents. (If less frequent admin:stration is desired, higher maintenance doses 
may be admimstered ) 


Shouid there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg: 
kg up to 0.28 mg-kg have been administered during surgery under halothane anesthesia without ii! effects to the 
cardiovascular system being noted as long as ventilation :s properly maintained isee CLINICAL PHARMACO- 
LOGY) 

Dosage in children: Older children (10 to 17 years of age) have approximately the same dosage requirements (mg: 
kg: as adults and may be managed the same way. Younger children (1 to 10 years of age} may require a sightly 
hicher initial dose and may also require supplementation sughtly mare often than aduits. infants under one year of 
age but older than 7 weeks are moderately more sensitive to Norcuran® (vecuronium brorude for injection) on a 
me kg basis than adults and take about 11/2 times as long to recover. See also sub-section of PRECAUTIONS titied 
a use information presently available does nat permit recommendation on usage in neonates (see PRE- 
CAUTIONS) 


COMPATIBILITY: Norcuron® is compatible in solution with 


6.9% NaC! solution 5% glucose in saline 
5% glucose in water Lactated Ringers 


HOW SUPPLIED: 5 mi vials (contains 10 mg of active ingredient} and 5 mi ampul of preservative-iree sterile water 
for miechon as the diluent. Boxes of 12. NDC 0052-0442-10 


STORAGE: PROTECT FROM LIGHT Store at 15°-30°C (59°-86°F) 


AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
iBE“F} DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. 
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REVERSES NARCOTIC-INDUCED DEPRESSION, YET MAINTAINS EFFECTIVE ANALGESIA 


R 3 
i 
CAN : 


(NALOXONE HCI) maru 


10-ml vial 


0.4 MG/ML 


Following narcotic-supplemented anesthesia, 
a gradual upward titration with NARCAN 
(naloxone HCI) helps achieve the desired degree of 
narcotic reversal, allowing adequate ventilation 
and alertness without significant pain or discomfort. 
By restoring the patient's protective reflexes, 
NARCAN reduces the risk of postanesthetic compli- 
cations. Patients can often leave recovery sooner 
and be returned to their rooms—a practical advantage 
both for the patient's concerned family or friends 
and for the busy medical staff. 

For initial reversal of postoperative respiratory 
depression in adults, NARCAN (0.4 mg/ml) should 
be injected in increments of 0.1 to 0.2 mg (1/4 to1/2 ml) 
intravenously at two- to three-minute intervals. 

The duration of action of some narcotics exceeds 
that of NARCAN. It is important, therefore, 

to monitor patients carefully and give repeated doses 
of NARCAN as needed. 

NARCAN (0.4 mg/ml) is available in 1-ml am- 
puls and 10-ml vials. Also available, NARCAN‘ 
NEONATAL INJECTION (naloxone hydrochloride). 
Each 2-ml ampul contains 0.02 mg/ml. 


For brief summary of prescribing information, see next page. 
© 1983 Du Pont Pharmaceuticals, Inc. 


Du Pont Pharmaceuticals, Inc. 








® 








naloxone HCI 
NARCAN® INJECTION 


NARCAN® NEONATAL INJECTION (naloxone hydrochloride) 

Narcotic Antagonist 

Brief Summary of Prescribing information 

INDICATIONS AND USAGE NARCAN :s indicated for the complete or partial reversal of narcotic 
depression, inciuding respiratory depression. induced by opioids including natural and synthetic 
narcotics. propexyphene, methadone and whe norcotic-antagonist angigesics. nalbuphing. pentazo- 
cine and butorphanol NARCAN is also indicated for the diagnosis of suspected acute opioid 
overdosage. 

CONTRAINDICATIONS NARCAN is contraindicated in patients known to be hypersensitive fo it 
WARNINGS NARCAN shouid be administered cautiously to persons including newborns of mothers whe 
are known of suspected to be physically dependent on opioids. in such cases on abrupt and complete 
reversal of narcotic effects may precipifate an acute abstinence syndrome. 

The potent who has satisfactorily responded fo NARCAN should be kept under continued surveillance 
ond repeated doses of NARCAN should be administered, as necessary since the duration of action of 
some narcotics may exceed that of NARCAN 

NARCAN ts nof effective against respiratory depression due to non-opioid drugs 
PRECAUTIONS in addition to NARCAN, other resuscitative measures such os maintenance of a free 
ainway, artificial ventiation. cardiac massage, and vasopressor ogents should be available and 
employed when necessary 0 counteract acute narcotic poisoning. 

Several instances af hypotension, hypertension, ventricular tachycardia and fibration. and 
pulmonary edema have been reported. These have occurred in postoperative patients most of whom 
had pre-existing cardiovascular disorders or received other drugs whith moy hove similar adverse 
cardiovascular effects Although a direct cause and effect relationship has not been established, 
NARCAN shouid De used with caution in patents with pre-existing cardiac disease or patients who have 
received potentiaiy cardictoxic drugs 
Carcinogenesis, Mutagenesis, impairment of Fertility Carcinogenicity and mutagenicity studies 
have not been performed with NARCAN. Reproductive studies in mice and rats demonstrated no impatr- 
ment of fertility 
Use in Pregnancy: Pregnancy Category B Reproduction studies performed in mice ond rals at doses up 
fa 1.000 times the humon dose. reveated no evidence of impaired fertility or harm to the fetus due to 
NARCAN. There ore. however, no adequate and weil controlled studies in pregnant women. Because 
onimal reproduction studies are not always predictive of human response, NARCAN should be used 
during pregnancy only if clearly needed 
Nursing Mothers: itis no? known whether NARCAN is excreted in human milk. Because many drugs 
ore excrefed in human milk. couton should be exercised when NARCAN is administered to a 
nursing woman. 

ADVERSE REACTIONS Abrupt reversal of narcotic depression may result in nausea, vomiting, sweating. 
tachycardia, increased biood pressure. and tremulousness. In posfoperative patients, iarger than 
necessary dosage of NARCAN may mesut in significant reversal of anaigesia. and in excitement 

Hypotension, hypertension, ventricular tachycardia and fibrillation, and pulmonary edema hove been 
associated with the use of NARCAN postoperatively (see PRECAUTIONS & USAGE IN ADULTS — 
POSTOPERATIVE NARCOTIC DEPRESSION) Seizures have been reported te occur infrequently after the 
administration of naloxone; however a causal relationship has nof been established. 

OVERDOSAGE There is no clinical expenence with NARCAN overdosage in humans. 

In the mouse ond rat the intravenous LD., is 150 + 5 mg/kg and 109 + 4 mg/kg respectively. in acute 
subcutaneous foxicity studies in newborn rots the LDs, (95% CL) is 260 (228-296) mg:kg. 
Subcutaneous injection of 100 mg/kg day in rats for 3 weeks produced only transient salivation ond 
partial ptosis following injection: no loxic effects were seen at 10 mg/kg day for 3 weeks 
DOSAGE AND ADMINISTRATION NARCAN may be administered intravenously, intramuscularly, or 
subcutaneously. The most rapid onset af acton is achieved by intravenous administration and iis 
recommended in emergency situations 

Since the duration of action of some narcofics may exceed that of NARCAN the patient should be kept 
under continued surveillance and repeated doses of NARCAN shouid be administered, as necessary. 
intravenous infusion NARCAN moy be diluted for intravenous infusion in normaj saline or 5% dextrose 
solutions. The addition of 2 mg of NARCAN in 500 mi of either solution provides o concentration of 0.004 
mg/m. Mixtures should be used within 24 hours. After 24 hours, the remaining unused solution must 
be discarded. The rate of administration should be titrated in accordance with the patient's response. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container sermit, NARCAN shouid not be mixed with preparations 
containing bisulfite, metobisulfite, iong-chain or nigh molecular weigh! anions, of ony solution hoving 
on alkaline pH. No drug or chemical agent shouid be added to NARCAN uniess its effect on the chemical 
Gnd physica! stability of the solution has first been established. 

USAGE IN ADULTS Narcotic Overdose — Known or Suspected An initia! dase of 0. 4 mg to 2 mg of 
NARCAN may be administered intravenously Ifthe desired degree of counteraction and improvement in 
respiratory functions is not obtained, it moy be repeated ot 2 to 3 minute intervals. If no response is 
observed after 10 mg of NARCAN have been administered, the diagnosis of narcotic induced or partial 
narcotic induced toxicity shouid be questioned. intramuscular or subcutaneous administration may be 
necessary if the intravenous route is not available. 

Postoperative Narcotic Depression For the partial reversal of narcatic depression following the use of 
narcotics during surgery, smaller doses of NARCAN are usually sufficient. The dose of NARCAN should 
be titrated according to the patient's response. For the initia! reversal of respiratory depression, NARCAN 
should be injected in increments of O | 10 0.2 mg intravenously of two to three minute intervals to the 
desired degree of reversal. ie, adequate ventilation and alertness without significant pain or 
discomfort. Lorgar than necessary dosage of NARCAN may result in significant reversal of analgesia 
and increase in diood pressure. Similarly, foo rapid reversal may induce nausea, vomiting, sweating or 
circulatory Sess. 

Repeat doses of NARCAN may be required within one or two hour intervals depending upon the 
amount, type Ge., short or jong acting) and time intervai since last administration of narcotic. 
Supplemental intramuscular doses have been shown to produce a longer lasting effect. 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected The usual initial dose in children is 
6.01 mg/kg body weight given LV if tis dase does not result in the desired degree of clinical 
improvement, a subsequent dose of O | mg/kg body weight may be administered. ifan Y route of 
administration is not available, NARCAN may be administered iM or SC in divided doses if 
necessary. NARCAN can be dilufed with sterile water for injection 

Postoperative Narcotic Depression Follow the recommendations and coutions under ADULT POSTOP- 
ERATIVE DEPRESSION. For the initial reversal of respiratory depression NARCAN should be injected in 
increments of O 005 mg to 0.0} mg intravenously at two to three minute intervals fo the desired degree 
of reversal. 

USAGE IN NEONATES Narcotic-Induced Depression The usual iniha! dose is O 01 mg/kg body weight 
administered LV, LM. or S.C. This dose may be repeated in accordance with adult administration 
guidelines for postoperative narcotic depression. 

HOW SUPPLIED 0.4 mg.mi of NARCAN® (naloxone hydrachloride) for intravenous, intramuscular and 
subcutaneous administrchon. 


Availabie as follows: l 
imi amputs in boxes of 10 NDC 0590-0365- 10 
imi disposabie prefilled syringes. 
boxes of 10 NDC 0890-0365-15 
boxes of 25 NDC 0590-0365-25 
10 mi vials NDC 0590-0365-05 


0.02 mg/mi of NARCAN® (naloxone hydrochioride} NEONATAL INJECTION for intravenous, 
intramuscular and subcutaneous administration. 
Avaitabie as: 
2 mi ampuis in boxes of 10 NDC 0590-0367-10 
6108-2 BS RV 9°82 


Du Pont Pharmaceuticals, Inc. 

Subsidiary of E.l. du Pont de Nemours & Co. (inc.} 0 T 
PO. Box 363 
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1-800-345-8500, ext. 15. 
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è o Hypoxia is a major cause of morbidity an 
mortality during anesthesia." 





<. current methods of cardiac monitoring 
may detect cardiac dysfunction too late to 
permit brain survival.” 


“There is no question that routine, con- 
tinuous oximetry isan additional technology 
which could essentially eliminate this very 
expensive source of anesthesia malpractice 
claims.” 


<. Our most pressing needs are for mon- 
itoring... the state of tissue oxygenation...” 


“Changes in oxygen saturation occur 

Jrequently during anesthesia regardless of 
the skill and experience of the anesthetist... 
Continuous oximetry provides for early 
recognition and timely treatment of desat- 

uration well before the onset of cyanosis, 

a sine qua non of quality patient care. by 
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THE NELLCOR PULSE OXIMETER. 
THE BEST INSURANCE AGAINST 
UNDETECTED HYPOXEMIA. 


The Nellcor Pulse Oximeter. By 
continuously monitoring patients: 
arterial hemoglobin oxygen satura- 
tion levels, it detects hypoxemia 
before it can lead to serious med- 
ical problems. 

A precalibrated, comfortable 
photosensor is simply placed on the 
patient and the monitor turned on. 

Everything you need is right at 
hand. Immediately. Continuously. 
Accurately. And non-invasively. 

With each heartbeat, there are 
real time measurements of arterial 
saturation, pulse rate and pulse 
amplitude. 

And it doesn't have to be watched 
because there is an audible beep 
with each heartbeat that changes 
pitch to reflect any change in oxy- 
gen saturation levels. 

Plus, alarms warn instantly if 
pulse rate or saturation fall outside 
of preset limits. 


'Flynn M: Hypoxemia Detection During Pediatric Endoscopy. 
Presented at The American Academy of Pediatrics, 1983. pp 1-2. 
2Davis DA: An Analysis of Anesthetic Mishaps from Medical 
Liability Claims. in Pierce EC Jr, Cooper JB (eds): Analysis of 
Anesthetic Mishaps. International Anesthesiology Clinics, 
Boston, Little, Brown and Company, 1984, Vol 22. No 2. 

pp 31-42. 

3Rubsamen DS (ed): Professional Liability Newsletter, 1984, 
Vol 15, No 6. 


Early warning for instant treat- 
ment before damage can occur. 

For more information, write or 
call us toll-free at 800/433-1244. (In 
California, call 800/351-9754.) 

The Nellcor Pulse Oximeter. The 
best insurance against undetected 
hypoxemia. 


PAS 8 
dè NELLCOR 


Nellcor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415/887-5858 


4+Whitcher C. New W Jr. Bacon B: Perianesthetic oxygen 
saturation vs. skill of the anesthetist. Anesthesiology 57; 1982. 
Supp! to abstract for American Society of Anesthesiologists. 
October 18, 1982. 


Nellcor and Nellcor Pulse Oximeter are registered trademarks 
of Nellcor Incorporated. 
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In short outpatient procedures: 





ar 





loadd comfort 
without adding 
delay 


Sublimaze 
(fentanyl) Injection @ 








l-2ug/kg as an adjunct to 
light-plane thiopental-N,0-0, 
anesthesia 


SUBLIMAZE (100 ug) reduced thiopental requirements... 
produced a smooth intraoperative course... 

a smooth, rapid and pain-free recovery. 

Duration of anesthesia: 25 minutes. 

Duration of surgery: 15 minutes. 

Premedication: none. Postoperative medication: none* 


*Coakley C., Levy ML, Epstein B: Fentanyl in short surgical procedures: Dilatation 


and curettage. A medical film...available from your Janssen Representative. 


The respiratory depressant effect of SUBLIMAZE may be longer than the 
analgesic effect. 
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Please see brief summary of Prescribing Information on next page. 


A13 


(fentanyl) Injection € 


Protect from fight. Store at room temperature. 


Before prescribing, please consult complete prescribing information. of which the following is a bnef summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
DESCRIPTION 

Each mi. contains: 

aU | ne an ae ea oe ee ee ert ae eee pee 
Warning: May de habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5. 


CONTRAINDICATIONS 
SUBLIMAZE ifentany!} is contraindicated in patents with known intolerance to the drug. 


WARNINGS 

AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBLIMAZE (fentanyl) SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 

RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See aiso discussion of narcotic antagonists in Precautions and Overdosage. 

if SUBLIMAZE (fentanyl!) is administered with a tranquilizer such as NAPSINE (droperidol), the user should familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. in addition, when 
such a combination is used, fluids and other countermeasures to manage hypotension should be availabe. 

As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total gose of all narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery fram anesthesia. Itis recommended that narcotics, 
when required, should be used in reduced doses initially, as low as V4 to 13 those usually recommended. SUBLIMAZE 
(fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. The effect is related tc the speed 
of injection and its incidence can be reduced by the use of slow intravenous injection. Once the effect oecurs. it is 
managed by the use of assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. Where moderate or high doses are used (above 10 mcg. ‘kg.), there must be 
adequate facilities for postoperative observation, and ventilation if necessary, of patients who have received 
SUBLIMAZE (fentanyi). H is essential that these facilities be fully equipped to handie all degrees of respiratory 
depression. 

Drug Depentence-—SUBLIMAZE (fentany!) can produce drug dependence of the morphine type and. therefore, has 
the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. Since the safety 
of fentanyi in this regard has not been established, the use of SUBLIMAZE (fentanyi) in patients who nave recarved MAO 
inhibitors within 14 days is not recommended. 

Head injuries and increased Intracranial Pressure-—SUBLIMAZE {fentanyl} should be used with caution in patients 
who may be particularly susceptible to respiratory depression, such as comatose patients who may have a nead injury 
of Drain tumor In addition SUBLIMAZE (fentanyl) may obscure the clinical course of patients with head injury 
Usage in Children— The safety of SUBLIMAZE {fentanyl} in children younger than two years of age has not been 
established. 

Usage in Pregnancy The safe use of SUBLIMAZE (fentany!) has not beer established with respect to possible 
adverse effects upon feta! development. Therefore, it should be used in women of childbearing potential oniy when, in 
the judgment of the physician, the potential benefits outweigh the possible hazards. There are insufficient data 
regarding placenta! transfer and fetal effects: therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS 

The initial dase of SUBLIMAZE (fentanyl) should be appropriately reduced in elderly and debilitated patients. The effect 
of the initial dose should be considered in determining incremental doses. Nitrous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentany!. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can alter 
respiration by blocking intercastal nerves. Through other mechanisms SUBLIMAZE (fentanyl) can aiso aker respira- 
tion. Therefore, when SUBLIMAZE (fentany!) is used to supplement these forms of anesthesia, the anesthetist should 
be familiar with the physiological alterations invoived, and be prepared to manage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPS/NE idroperidol), biood pressure may be altered and hypotension can 
occur. 

Vital signs should be monitored routinely. 

SUBLIMAZE (fentany!} should be used with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. In such patients. narcotics 
May additionally decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted of controlled respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance should be maintained because the duration of respiratory depression of duses of 
fentany! empioyed dunng anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levaliorphan, nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as (NAPSINE (droperidol) is used with SUBLIMAZE (fentany!) pulmonary arterial pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procecurés where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentany!} are employed. even relatively small dosages of diazepam 
May Cause cardiovascular depression. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics} wil! have additive or 
potentiating effects with SUBLIMAZE {fentanyl}. When patients have received such drugs, the dose of SUBLIMAZE 
{fentanyl} required will be less than usual. Likewise, following the administration of SUBLIMAZE itentanyi), the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentany!) should be administered with caution to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentany!} may produce bradycardia, which may be treated with atropine: however, SUBLIMAZE (fentany!) 
should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentany!) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur if this 
occurs, the possibility of hypovolemia should also be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care should be exercised in moving and positioning of patients because of the possibility of 
orthostatic hypotension. if volume expans:on with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the aipha-adrenergic 
blocking action of INAPSINE (droperidol), epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperidol). 

When (NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normai slowly. 


ADVERSE REACTIONS 

As with other narcotic anaigesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
{fentany!} are respiratory depression, apnea, muscular rigidity, and bradycardia: if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotension. dizziness, blurred vision. nausea. emesis, laryngospasm, and diaphoresis. 

it has been reported that secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
shouid be monitored for this possibility and appropriate countermeasures taken as necessary. 

When a tranquilizer such as NAPSINE (droperidol) is used with SUBLIMAZE {fentany!}, the following adverse reactions 
can occur: chills and/or shivering, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression). extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis} have 
been observed up to 24 hours postoperatively. When they occur. extrapyramidal symptoms can usually be controlled 
with antiparkinson agents. Postoperative drowsiness is also frequently reported following the use of INAPSINE 
{droperidol}. 


...... 90 meg. {0.05 mg} as the citrate 


Als 


Elevated biood pressure, with and without pre-existing hypertension, has been reported following administration of 
SUBLIMAZE (fentany!) combined with iNAPSINE (droperidol). This might be due to unexplained alterations in 
sympathetic activity following large doses: however, it is also frequently attributed to anesthetic and surgical 
stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION Siac. a) EE 


Dosage should be individualized. Some of the factors to be considered in determining the dose are age, body weight. 
physical status, underlying pathological condition, use of other drugs, type of anesthesia to be used, and the surgical 
procedure involved. 

Vital signs should be monitored routinely. 

i Premedication-—-Premedication (to be appropriately modified in the elderly, debilitated, and those who have 
received other depressant drugs}—50 to 100 meg. (0.05 to 0.1 mg.j(1 to 2 mi.) may be administered 
intramuscularly 30 to 60 minutes prior to surgery. 

lt, Adjunct to General Anesthesia—~See Dosage Range Chart 

ith Adjunct to Regional Anesthesia—50 to 100 meg. (0.05 to 0.1 mg Xt to 2 mi.) may be administered 
intramuscularly or slowly intravenously. over one to two minutes, when additional analgesia is required. 

iV Postoperatively (recovery room)—-50 to 100 meg. (0.05 to 0.1 mg.}{1 to 2 mi} may be administered 
intramuscularly for the contro! of pain, tachypnea and emergence delirium, The dose may be repeated in one to 
two hours as needed. 

Usual Children's Dosage: For induction and maintenance in children 2 to 12 years of age, a reduced dose as low as 20 

to 30 meg. (0.02 to 0.03 mg.}(G.4 to 0.6 mi.j per 20 to 25 pounds is recommended. 


DOSAGE RANGE CHART 


TOTAL DOSAGE 

Low dose-—2 meg. /kg. {.002 mg. /kg.} (.04 mi./kg.) SUBLIMAZE® injection. Fentany! in smali doses is most 
useful for minor, but painful, surgical procedures. in addition to the anaigesia during surgery, fentany! may aiso 
provide some pain relief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE® injection are infrequently needed in these minor procedures. 

Moderate dose-——2-20 mcg. kg. (.002-.02 mg. /kg.}(.04-0.4 ml./kg.) SUBLIMAZE® injection. Where sur- 
gery becomes more major, a larger dose is required. With this dose, in addition to adequate anaigesia, one 
would expect to see some abolition of the stress response. However. respiratory depression will be such that 
artificial ventilation during anesthesia is necessary, and careful observation of ventilation postoperatively is 
essential. Maintenance. 25 to 100 meg. (0.025 to 0.1 mg. 0.5 to 2.0 mi.) may be administered intravenously 
of intramuscularly when movement and/or changes in vita! signs indicate surgical stress or lightening of 
anaigesia. 

High dose-—-20-50 meg. kg. (.02-.05 mg./kg.)(0.4-1 mi. /kg.) SUBLIMAZE® injection. During open heart 
Surgery and certain more complicated neurosurgical and orthopedic procedures where surgery is more 
prolonged, and in the opimon of the anesthesiologist, the stress response to surgery would be detrimental to 
the weil being of the patient. dosages of 20-50 meg. /kg. (.02-.05 mg.}(0.4-1 mi.) of SUBLIMAZE™ injection 
with nitrous oxide oxygen have been shown to attenuate the stress response as defined by incrrased leveis of 
circulating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery, postoperative ventilation and observation are 
essential due to extended postoperative respiratory depression. 

The main objective of this technique would be to produce “stress free” anesthesia. Maintenance: Maintenance 
dosage (ranging from 25 mcg. (.025 mg.}(0.5 mi.) to one half the initial loading dose) will be dictated by the 
changes in vital signs which indicate stress and lightening of anaigesia. However, the additional dosage 
selected must be individualized especially if the anticipated remaining operative time is short. 


As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important. doses of 50 to 100 mcg. /kg. (.05 to 0.1 
mg.kg (i te 2 mi. /kg.} may be administered with oxygen and a muscie relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. in certain cases, doses up to 150 meg. /kg. {.15 
mg. ‘kg.}{3 mi. /kg.} may be necessary to produce this anesthetic effect. if has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium from excess oxygen 
demand is particularly indicated. and for certain complicated neurological and orthopedic procedures. 

As noted above, itis essentiai that qualified personne! and adequate facilities be available for the management of 
respiratory depression. 

See Warnings and Precautions for use of SUBLIMAZE (fentany!} with other CNS depressants, and in patients with 
altered response. 


OVERDOSAGE 

Manifestations: The manifestations of SUBLIMAZE (fentany!} overdosage are an extension of its pharmacologic 
actions. 

Treatment: in the presence of hypoventilation or apnea. oxygen should be administered and respiration should be 
assisted of controlled as indicated. A patent airway must be maintained: and oropharyngeal airway or endotracheal 
tube might be indicated. Hf depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patient should be carefully 
observed for 24 hours; body warmth and adequate fluid intake should be maintained. If hypotension occurs and is 
severe or persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, jevallorphan, or naloxone should be available for use as 
indicated to manage respiratory depression. This does not preclude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentany! may be longer than the duration of narcotic 
antagonist action. Consult the package insert of the individua narcotic antagonists for details about use. 


HOW SUPPLIED 
2 mi. and § mi. ampoules—packages of 10. March. 1980. Revised June. 1980. Jan. 1981, March 1983 
NDC 50458-030-02 NDC 50458-030-05 U.S. Patent No. 3. 164 606 


19 mi. and 20 mi, ampoules—packages of 5. 

NDC 50458-030-10 NDG 50458-030-20 

(For intravenous use by hospital personnel 
soecifically trained in the use of narcotic analgesics). 
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Forget your old ideas 
about capnometers. 





SET CONTROLS 


JJL 


Flow CO? Gas 
Mode Alarm Calib. 


TRAVERSE 
MEDICAL 
MONITORS 
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IM Capnometer 


n for only $2,995. 
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Ours is easy to use. 


The TMM Capnometer is simple to operate. Just connect the Capnometer to the 
patient or the ventilator circuit, and turn it on. To set parameters, as illustrated 
by the gas calibration procedure above, you simply press tactile response buttons. 


Thanks to a powerful microprocessor, the TMM Capnometer monitors itself 
so you can give more attention to your patient. The Capnometer alerts you when a 
trend has been determined that deviates from parameters you have established. 


All user selected operating parameters are retained in memory. 
Automatic baseline updates provide long term unattended operation. 


Data display is clear, bright, and continuous. 
A linearized signal output enables you to observe end-tidal waveforms. 


An advanced Fluids Separator* on the TMM Capnometer 
continuously clears the gas stream of fluids. Boo 


A reliable infrared analyzer counts CO, molecules in under 100 msec 
at a flow rate of 260 ml/minute—a rate comparable to dedicated /VONitOrS 
mass spectrometers and faster than multiplexed units. 


The TMM Capnometer is backed by a comprehensive user support 


and service program. And it costs only $2,995. | 


SUBSIDIARY OF 
DYNATECH CORPORATION 





J 


For more information, please contact: 
Traverse Medical Monitors, 6812 South State Road, Saline, Michigan 48176 
or call toll-free: (800) 247-7038 (800) 722-4153 in Michigan 


*patent pending 








Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 
had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique ‘“‘hills 
and valleys’’ construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 


At 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, ‘‘sniffing’’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. ..and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPiliow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 


Special Benefits for 
Special Anesthetic Needs 
with Ethrane’ (enflurane) 








For Myocardial Protection 
During Anesthesia 


e Decreases afterload, to lessen myocardial work, especially in patients 
with coronary artery disease and/or hypertension (with adequate left 
ventricular function) 


e Helps maintain oxygen balance by decreasing myocardial contractility 
(in patients with adequate left ventncular function) 


e Provides stability of heart rate and rhythm, to help avoid transient increases 
in heart work 
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Ethrane (enflurane) 


Special Benefits for Special 
Anesthetic Needs with Ethrane 


(enflurane) 





For Gynecological 
surgery 


e Assured amnesia at anesthetic 
concentrations 


e Prompt recovery with little 
aftereffect, of special benefit 
in outpatient cases 


For Analgesia in 
Obstetrics 


e Prompt, controllable analgesia 
at sub-anesthetic concentra- 
tions (0.25% to 1.0%) 


e Capability of nearly 100% 
oxygen delivery if needed; 
minimal postpartum base 
deficits in mother and 
newborn 


e The only modern, potent 
inhalational agent approved 
for use in vaginal delivery 





For Intraocular In Oral, 


surgery Maxillofacial and 
e Consistent reduction and Plastic Surg er y 
control of intraocular 
pressure, consistent analgesia, e Stability of heart rhythm 


and precise control of the 


depth of anesthesia e Compatibility with epine- 


phrine, does not add to the 


e Smooth postoperative arrhythmogenic potential of 
emergence epinephrine needed for 
hemostasis 


e Low biodegradation, only 2.4 
percent of enflurane taken up 
during anesthesia is recovered 
as urlnary metabolites 


Ethrane...a product of original Anaquest research 


(enflurane) 


Anaquest Ethrane’ (enflurane) 





CAUTION: Federal Law Prohibits Dispensing without a Prescription. 
DESCRIPTION 

ETHRANE (enflurane) (2-chloro-1,1,2-trifluoroethy! difluoromethyi ether) (CHF,OCF,CHFC]) 
1s anonflammable inhalation anesthetic agent, The boiling point is 56.5°C at 760 mm Hg, and 
the vapor pressure (mm Hg) is 175 at 20°C, 218 at 25°C and 345 at 36°C. Vapor pressures can 
be calculated using the equation: 

log,o>P=A+B/T A=7.967 
B= - 1678.4 
T = °C + 273.16 (Kelvin) 

The specific gravity (25°/25 °C) is 1.517. The refractive index at 20°C is 1.3026-1.3030. The 
blood/gas coefficient is 1.91 at 37°C and the oil/gas coefficient is 98.5 at 37°C. 

Enflurane is a clear, colorless, stable liquid whose purity exceeds 99.9 percent (area % by gas 
chromatography). No stabilizers are added as these have been found, through controlled 
laboratory tests, to be unnecessary even in the presence of ultraviolet light. Enflurane is stable 
to strong base and does not decompose in contact with soda lime and does not react with 
aluminum, tin, brass, iron or copper. The partition coefficients of enflurane at 25°C are 74 in 
conductive rubber and 120 in polyviny! chloride. 

CLINICAL PHARMACOLOGY 

ETHRANE (enflurane) is an inhalation anesthetic. The MAC (minimum alveolar concentra- 
tion) in man is 1.68 percent in pure oxygen, 0.57 in 70 percent nitrous oxide-30 percent oxygen, 
and 1.17 in 30 percent nitrous oxide-70 percent oxygen. 

Induction and recovery from anesthesia with enflurane are rapid. Enflurane has a mild sweet 
odor. Enflurane may provide a mild stimulus to salivation or tracheobronchial secretions 
Pharyngeal and laryngeal reflexes are readily obtunded The level of anesthesia can be changed 
rapidly by changing the inspired enflurane concentration. Enflurane reduces ventilation as depth 
of anesthesia increases. High PaCO, levels can be obtained at deeper levels of anesthesia if ven- 
tilation is not supported. Enflurane provokes a sigh response reminiscent of that seen with 
diethyl ether 

There is a decrease in blood pressure with induction of anesthesia, followed by a return to 
near normal with surgical stimulation. Progressive increases in depth of anesthesia produce 
corresponding increases in hypotension. Heart rate remains relatively constant without signifi- 
cant bradycardia. Electrocardiographic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial blood does not alter cardiac 
rhythm. 

Studies in man indicate a considerable margin of safety in the administration of epinephrine 
containing solutions during enflurane anesthesia. Enflurane anesthesia has been used in exci- 
sion of pheochromocytoma in man without ventricular arrhythmias. On the basis of studies in 
patients anesthetized with enflurane and injected with epinephrine containing solutions to 
achieve hemostasis ın a highly vascular area (transsphenoidal surgery), up to 2 micrograms per 
kilogram (2 ,:g/kg) of epinephrine may be injected subcutaneously over a 10 minute period in 
patients judged to have ordinary tolerance to epinephrine administration. This would repre- 
sent up to 14 ml of 1:100,000 epinephrine containing solution (10 ug/ml), or the equivalent quan- 
tity, ina 70 kilogram patient. This may be repeated up to 3 times per hour (total 42 ml per hour) 
The concomitant administration of lidocaine enhances the safety of the use of epinephrine dunng 
enflurane anesthesia. This effect of lidocaine is dose related. All customary precautions in the 
use of vasoconstrictor substances should be observed 

Muscle relaxation may be adequate for intra-abdominal operation at normal levels of 
anesthesia. Muscle relaxants may be used to achieve greater relaxation and all commonly used 
muscle relaxants are compatible with enflurane. THE NONDEPOLARIZING MUSCLE RELAX- 
ANTS ARE POTENTIATED. In the normal 70 kg adult, 6 to 9 mg of d-tubocurarine or 1 to 1.5 
mg of pancuronium will produce a 90 percent or greater depression of twitch height 
Neostigmine does not reverse the direct effect of enflurane 

Enflurane 0.25 to 1.0 percent (average 0.5 percent) provides analgesia equal to that produced 
by 30 to 60 percent (average 40 percent) nitrous oxide for vaginal delivery. With either agent, 
patients remain awake, cooperative, and onented. Maternal blood losses are comparable. These 
clinical approaches produce normal Apgar scores. Serial neurobehavioral testing of the newborn 
during the first 24 hours of life reveals that neither enflurane nor nitrous oxide analgesia is 
associated with obvious neurobehavioral alterations. Neither enflurane nor nitrous oxide when 
used for obstetrical analgesia alters serum BUN, creatinine, unc acid or osmolality. The only 
difference in the use of these two agents for obstetrical analgesia appears to be higher inspired 
oxygen concentration that may be used with enflurane 

Analgetic doses of enflurane, up to approximately 1 percent, do not significantly depress the 
rate or force of uterine contraction during labor and delivery. A slowing of the rate of uterine 
contraction and a diminution of the force of uterine contraction is noted between the administra- 
tion of 1 and 2 percent delivered enflurane; concentrations somewhere between 2 and 3 per- 
cent delivered enflurane may abolish uterine contractions. Enflurane displaces the myometrial 
response curve to oxytocin so that at lower concentrations of enflurane oxytocin will restore 
uterine contractions; however, as the dose of enflurane progresses (somewhere between 1.5 
and 3 percent delivered enflurane) the response to oxytocin is diminished and then abolished 
Uterine bleeding may be increased when enflurane is used in higher concentrations for vaginal 
delivery or to facilitate delivery by Cesarean section; however, this has not been demonstrated 
within the recommended dosage range (see DOSAGE AND ADMINISTRATION section). Mean 
estimated blood loss in patients anesthetized for therapeutic termination of pregnancy with 
1 percent enflurane in 70 percent nitrous oxide with oxygen is approximately twice that noted 
following therapeutic abortion performed with the use of a local anesthetic technique (40 ml 
versus 20 ml) 

Pharmacokinetics: Biotransformation of enflurane in man results ın low peak levels of serum 
fluoride averaging 15: M. These levels are well below the 50, M threshold level which can pro- 
duce minimal renal damage in normal subjects. However, patients chronically ingesting isoniazid 
or other hydrazine containing compounds may metabolize greater amounts of enflurane 
Although no significant renal dysfunction has been found thus far in such patients, peak serum 
fluoride levels can exceed 50uM, particularly when anesthesia goes beyond 2 MAC hours 
Depression of lymphocyte transformation does not follow prolonged enflurane anesthesia in 
man in the absence of surgery. Thus enflurane does not depress this aspect of the immune 
response. 

INDICATIONS AND USAGE 

ETHRANE (enflurane) may be used for induction and maintenance of general anesthesia 
Enflurane may be used to provide analgesia for vaginal delivery. Low concentrations of enflurane 
(see DOSAGE AND ADMINISTRATION) may also be used to supplement other general 
anesthetic agents during delivery by Cesarean section. Higher concentrations of enflurane may 
produce uterine relaxation and an increase in uterine bleeding 
CONTRAINDICATIONS 

Seizure disorders (see WARNINGS). 

Known sensitivity to ETHRANE (enflurane) or other halogenated anesthetics 

Known or suspected genetic susceptibility to malignant hyperthermia 
WARNINGS as 

Increasing depth of anesthesia with ETHRANE (enflurane) may produce a change in the elec- 
troencephalogram characterized by high voltage, fast frequency, progressing through spike- 
dome complexes alternating with periods of electrical silence to frank seizure activity. The latter 
may or may not be associated with motor movement. Motor activity, when encountered, 
generally consists of twitching or "jerks" of various muscle groups; it is self-limiting and can 
be terminated by lowering the anesthetic concentration. This electroencephalographic pattern 
associated with deep anesthesia is exacerbated by low arterial carbon dioxide tension. A reduc- 
tion in ventilation and anesthetic concentrations usually suffices to eiminate seizure activity 
Cerebral blood flow and metabolism studies in normal volunteers immediately following seizure 
activity show no evidence of cerebral hypoxia. Mental function testing does not reveal any 
impairment of performance following prolonged enflurane anesthesia associated with or not 
associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly, only vaporizers producing predic- 
table concentrations should be used. Hypotension and respiratory exchange can serve as a guide 
to depth of anesthesia. Deep levels of anesthesia may produce marked hypotension and 
respiratory depression. 
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When previous exposure to a halogenated anesthetic is known to have been followed by 
evidence of unexplained hepatıc dysfunction, consideration should be given to use of an agent 
other than enflurane. 

PRECAUTIONS 

General: ETHRANE (enflurane) should be used with caution in patients who by virtue of 
medical or drug history could be considered more susceptible to cortical stimulation produced 
by this drug. 

Information to Patients: Enflurane, as well as other general anesthetics, may cause a slight 
decrease in intellectual function for 2 to 3 days following anesthesia. As with other anesthetics, 
small changes in moods and symptoms may persist for several days following administration. 

Laboratory Tests: Bromsulfalein (BSP) retention is mildly elevated postoperatively in some 
cases. This may relate to the effect of surgery since prolonged anesthesia (5 to 7 hours) in human 
volunteers does not result in BSP elevation. There is some elevation of glucose and white blood 
count intraoperatively Glucose elevation should be considered in diabetic patients. 

Drug Interactions: The action of nondepolarizing relaxants is augmented by enflurane. Less 
than the usual amounts of these drugs should be used. If the usual amounts of nondepolarizing 
relaxants are given, the time for recovery from neuromuscular blockade will be longer in the 
presence of enflurane than when halothane or nitrous oxide with a balanced technique are used. 

Carcinogenesis/Mutagenesis: Swiss ICR mice were given enflurane to determine whether 
such exposure might induce neoplasia. Enflurane was given at '/2, 4 and 142 MAC for four in- 
utero exposures and for 24 exposures to the pups during the first nine weeks of life. The mice 
were killed at 15 months of age. The incidence of tumors in these mice was the same as in 
untreated control mice who were given the same background gases, but not the anesthetic 

Exposure of mice to 20 hours of 1.2 percent enflurane causes a small (about '/z of 1%) but 
statistically significant increase in sperm abnormalities. In contrast to these results, in vitro 
approaches to the study of mutagenesis (Ames test, sister chromatid exchange test, and the 
8-azaguananine system) have not shown a mutagenic effect of enflurane. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits at doses 
up to four times the human dose and have revealed no evidence of impaired fertility or harm 
to the fetus due to enflurane. There are, however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when enflurane is adminsitered 
to a nursing woman 

Malignant Hyperthermia: In susceptible individuals, enflurane anesthesia may trigger a 
skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome 
known as malignant hyperthermia. The syndrome includes nonspecific features such as muscle 
rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure. (It should 
also be noted that many of these nonspecific signs may appear with light anesthesia, acute 
hypoxia, etc. The syndrome of malignant hyperthermia secondary to enflurane appears to be 
rare; by March 1980, 35 cases had been reported in North America for an approximate incidence 
of 1/725,000 enflurane anesthetics.) An increase in overall metabolism may be reflected ın an 
elevated temperature (which may rise rapidly early or late in the case, but usually is not the first 
sign of augmented metabolism) and an increased usage of the CO, absorption system (hot 
canister). PaO, and pH may decrease, and hyperkalemia and a base deficit may appear. Treat- 
ment includes discontinuance of triggering agents (e.g. enflurane), administration of intravenous 
dantrolene, and application of supportive therapy. Such therapy includes vigorous efforts to 
restore body temperature to normal, respiratory and circulatory support as indicated, and 
management of electrolyte-fluid-acid base derangements. (Consult prescribing information for 
dantrolene sodium intravenous for additional information on patient management.) Renal failure 
may appear later, and urine flow should be sustained if possible. 

ADVERSE REACTIONS 

1. Malignant hyperthermia (see PRECAUTIONS) 2. Motor activity exemplified by movements 
of various muscle groups and/or seizures may be encountered with deep levels of ETHRANE 
(enflurane) anesthesia, or ight levels with hypocapnia. 3. Hypotension and respiratory depres- 
sion have been reported. 4. Arrhythmias, shivering, nausea, and vomiting have been reported 
5. Elevation of the white blood count has been observed. 6. Unexplained mild, moderate and 
severe liver injury may rarely follow anesthesia with enflurane. Serum transaminases may be 
increased and histologic evidence of injury may be found. The histologic changes are neither 
unique nor consistent. In several of these cases, it has not been possible to exclude enflurane 
as the cause or as a contributing cause of liver injury. The incidence of unexplained hepatotox- 
icity following the administration of enflurane is unknown, but it appears to be rare and not 
dose related 
OVERDOSAGE 

In the event of overdosage, or what may appear to be overdosage, the following action should 
be taken: 

Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
with pure oxygen 
DOSAGE AND ADMINISTRATION 

The concentration of ETHRANE (enflurane) being delivered from a vaporizer during 
anesthesia should be known. This may be accomplished by using: 

a) vaporizers calibrated specifically for enflurane; 

b) vaporizers from which delivered flows can easily and readily be calculated. 

Preanesthetic Medication: Preanesthetic medication should be selected according to the need 
of the individual patient, taking into account that secretions are weakly stimulated by enflurane 
and that enflurane does not alter heart rate. The use of anticholinergic drugs is a matter of choice 

Surgical Anesthesia: Induction may be achieved using enflurane alone with oxygen or in 
combination with oxygen-nitrous oxide mixtures. Under these conditions some excitement may 
be encountered. If excitement is to be avoided, a hypnotic dose of a short-acting barbiturate 
should be used to induce unconsciousness, followed by the enflurane mixture. In general, 
inspired concentrations of 2.0-4.5 percent enflurane produce surgical anesthesia in 7-10 minutes 

Maintenance: Surgical levels of anesthesia may be maintained with 0.5-3.0 percent enflurane 
Maintenance concentrations should not exceed 3 percent. If added relaxation is required, sup- 
plemental doses of muscle relaxants may be used. Ventilation to maintain the tension of car- 
bon dioxide in arterial blood in the 35-45 mm Hg range ıs preferred. Hyperventilation should 
be avoided in order to minimize possible CNS excitation 

The level of blood pressure during maintenance is an inverse function of enflurane concen- 
tration in the absence of other complicating problems. Excessive decreases (unless related to 
hypovolemia) may be due to depth of anesthesia and in such instances should be corrected by 
lightening the level of anesthesia. 

Analgesia: Enflurane 0.25 to 1.0 percent provides analgesia for vaginal delivery equal to that 
produced by 30 to 60 percent nitrous oxide. These concentrations normally do not produce 
amnesia. See also the information on the effects of enflurane on uterine contraction contained 
in the CLINICAL PHARMACOLOGY section. 

Cesarean Section: Enflurane should ordinarily be administered ın the concentration range 
of 0.5 to 1.0 percent to supplement other general anesthetics. See also the information on the 
effects of enflurane on uterine contraction contained in the CLINICAL PHARMACOLOGY 
section 
HOW SUPPLIED 

ETHRANE (enflurane) ıs packaged in 125 and 250 ml amber-colored bottles 

125 mlI—NDC 10019-350-50 

250 ml—NDC 10019-350-60 

Storage: Store at room temperature. Enflurane contains no additives and has been 
demonstrated to be stable at room temperature for periods in excess of five years 
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C Tracrium* Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


0 Hofmann elimination—a nonenzymatic process that 
occurs at physiologic temperature and pH 


2] Ester hydrolysis—catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required 


These attributes make Tracrium a more flexible sur- 


gical muscle relaxant—it may be tailored to a wide 
variety of surgical cases. 


HOFMANN ELIMINATION 







At normal body 
temperature (37°C) 
and pH (7.4) 


d Y 
iS) L s H 
zen, x 
N N ji 
Lon H H F H = H y 
LPL ~ VIL eV : 
< < £ ) < 
H 


Monoacrylate | ‘ | * Laudanosine 


‘Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion.”? 


“At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH.” 


Convenient and Ready to Use 
Tracrium is easily administered—requires 
no premixing. 
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Few Cardiovascular Effects 
at Recommended Dosages 


O Tracrium® (atracurium besylate) produces virtually 
no Clinically significant cardiovascular hemodynamic 


changes when administered at recommended dosage 


levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 





Dosage Mean Blood Pressure (% control) N 
(mg/kg) Values + SD 















Adapted from Basta et al.3 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


O Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
+ effect on recovery time 


O Once recovery begins, it is relatively rapid and 
independent of dose 


O This means that you do not have to calculate pro- 


gressively smaller doses for repeat administration, and 


that recovery is more consistent and predictable 


“One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 25%-75% recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative. ...”1 


Cardiovascular effects of atracurium 


Dosage Mean Heart Rate (% control) N 
(mg/kg) Values + SD 


Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


LJ Clinically significant histamine release occurs well 
within the clinical dosage range (at EDgs) for curare, 


at the upper limits of the clinical dosage range 
(at 2 x EDgs) for metocurine and outside the clinical 


dosage range (at 3 x EDgs) for atracurium? 


C The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 
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4, Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
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Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. If maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects,2 and has up to 33% 
longer action.2 A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 
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References: 1. Gyermek L: Curr Ther Res 18:377-386, 1975. 2. Katz RL. Anesthesiology 28:528-534, 1967 


BRIEF SUMMARY-—(Please consult full package insert, enclosed in every package, before 
using Regonol) 


INDICATIONS—Pyricostigmine bromide is useful as a reversal agent or antagonist to 
nondepolarizing musc e relaxants 


CONTRAINDICATIONS— Known hypersensitivity to anticholinesterase agents. intestinal and 
urinary obstructions of mechanical type 


WARNINGS—Pyridostigmine bromide should be used with particular caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atrap ne should also be used with caution in patients with cardiac dysrhyth- 
mias. When large doses of pyridostigmine bromide are administered, as during reversal of 
muscle relaxants, prior or simultaneous injection of atropine sulfate is advisable. Because of the 
possibility of hypersensitivity in an occasional patient, atropine and antishock medication 
should always be readily available 

When used as ar antagonist to nondepolarizing muscle relaxants, adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
tion of respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery may be defined by a combination of clinical judgement, respiratory measurements and 
observation of the effects of peripheral nerve stimulation. If there is any doubt concerning the 
adequacy of recovery from the effects of the nondepolarizing muscle relaxant, artificial 
ventilation should be continued until all doubt has been removed 


Use in Pregnancy— he safety of pyridostigmine bromide during pregnancy or lactation in 
humans has not bean established. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible hazards to mother and child 


ADVERSE REACTIONS—The side effects of pyridostigmine bromide are most commonly 
related to overdosage and generally are of two varieties, muscarinic and nicotinic. Among those 
in the former group are nausea, vomiting, diarrhea, abdominal cramps, increased peristalsis, 
increased Salivation, increased bronchial secretions, miosis and diaphoresis. Nicotinic side 
effects are comprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 


effects can usually be counteracted by atropine. As w th any compound containing the bromide 
radical, a skin rash may be seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Thrombophlebitis has been reported 
Subsequent to intravenous administration 


DOSAGE AND ADMINISTRATION—When pyridostigmine bromide is given intravenously to 
reverse the action of muscle relaxant drugs, it is reccmmended that atropine sulfate (0.6 to 1.2 
mg) or glycopyrrolate in equipotent doses be given intravenously immediately prior to or 
Simultaneous with its administration. Side effects, notably excessive secretions and bradycar- 
dia are thereby minimized. Reversal dosages range from 0.1-0.25 mg. /kg. Usually 10 or 20 mg 
of pyridostigmine bromide will be sufficient for antagonism of the effects of the nondepolarizing 
muscle relaxants. Although full recovery may occur within 15 minutes in most patients, others 
may require a half hour or more. Satisfactory reversal can be evident by adequate voluntary 
respiration, respiratory measurements and use of a peripheral nerve stimulator device. It is 
recommended that the patient be well ventilated and a patent airway maintained until complete 
recovery of normal respiration is assured. Once satisfactory reversal has been attained, 
recurarization has not been reported 

Failure of pyridostigmine bromide to provide promot (within 30 minutes) reversal may occur 
e.g. inthe presence of extrerne debilitation, carcinomatosis, or with concomitant use of certain 
broad spectrum antibiotics or anesthetic agents, notably ether Under these circumstances 
ventilation must be supported by artificial means until the patient has resumed control of his 
respiration 


HOW SUPPLIED—Regonol is available in 
5 mg./ml.; 2 mi. ampuls—boxes of 25—NDC-0052-0460-02 
5 ml. vials—boxes of 25—NDC-0052-0460-05 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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Accuracy 
E Automated 21% 


eck” every 5 seconds RECALIB 


3 eck” every 5 seconds SERVICE 
| informs the clinician’when to recalibrate BAD CELL 


Dependabilj £ 
E Continually/monitors battery life LOW BATT 
E Fail-safe system assures that low battery Voltage 
will not affect performance 
E immediately alerts clinician when to replace 
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Injectable Valium” (diazepam/Roche) W 
Valium® (diazepam/Roche) WV 


Before prescribing, please consult complete product information, a 
summary of which follows: 
Indications: Management of anxiety disorders, or short-term relief of 
symptoms of anxiety. Anxiety or tension associated with the stress of 
everyday life usually does not require treatment with an anxiolytic. 
Symptomatic relief of acute agitation, tremor, impending or acute delir- 
ium tremens and hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle spasm due to reflex spasm to local 
pathology; spasticity caused by upper motor neuron disorders; atheto- 
sis; stiff-man syndrome. Oral form may be used adjunctively in con- 
vulsive disorders, but not as sole therapy. Injectable form may also be 
used adjunctively in: status epilepticus; severe recurrent seizures; teta- 
nus; anxiety, tension or acute stress reactions prior to endoscopic/sur- 
gical procedures; cardioversion. 
The effectiveness of Valium in long-term use, that is, more than 4 
months, has not been assessed by systematic clinical studies. The phy- 
sician should periodically reassess the usefulness of the drug for the 
individual patient. 
Contraindications: Tablets in children under 6 months of age; known 
hypersensitivity; acute narrow angle glaucoma; may be used in patients 
with open angle glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). Withdrawal symptoms similar to those with barbi- 
turates and alcohol have been observed with abrupt discontinuation, 
usually limited to extended use and excessive doses. Infrequently, 
milder withdrawal symptoms have been reported following abrupt dis- 
continuation of benzodiazepines after continuous use, generally at 
higher therapeutic levels, for at least several months. After extended 
therapy, gradually taper dosage. Keep addiction-prone individuals 
(drug addicts or alcoholics) under careful surveillance because of pre- 
disposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first 

trimester should almost always be avoided because of 

increased risk of congenital malformations, as suggested in 

several studies. Consider possibility of pregnancy when insti- 

tuting therapy; advise patients to discuss therapy if they intend 

to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and 
other CNS depressants. 
Not of value in treatment of psychotic patients; should not be 
employed in lieu of appropriate treatment. When using oral form 
adjunctively in convulsive disorders, possibility of increase in frequency 
and/or severity of grand mal seizures may require increase in dosage 
of standard anticonvulsant medication; abrupt withdrawal in such 
cases may be associated with temporary increase in frequency and/or 
severity of seizures. 
INJECTABLE: Jo reduce the possibility of venous thrombosis, phlebitis, 
local irritation, swelling and, rarely, vascular impairment when used LV: 
Inject slowly, taking at least one minute for each 5 mg (1 ml) given; do 
not use small veins, i.e., dorsum of hand or wrist; use extreme care to 
avoid intra-arterial administration or extravasation. Do not mix or dilute 
Valium with other solutions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium directly I.V, it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pul- 
monary reserve because of possibility of apnea and/or cardiac arrest; 
concomitant use of barbiturates, alcohol or other CNS depressants 
increases depression with increased risk of apnea; have resuscitative 
facilities available. When used with narcotic analgesic eliminate or 
reduce narcotic dosage at least 3, administer in small increments. 


A30 


Injectable Valium®(diazepam/Roche) 
Valium® (diazepam/Roche) 


Should not be administered to patients in shock, coma, acute alco- 
holic intoxication with depression of vital signs. 

Has precipitated tonic status epilepticus in patients treated for petit mal 
status or petit mal variant status. Not recommended for OB use. 
Efficacy/safety not established in neonates (age 30 days or less); pro- 
longed CNS depression observed. In children, give slowly (up to 

0.25 mg/kg over 3 minutes) to avoid apnea or prolonged somnolence; 
can be repeated after 15 to 30 minutes. If no relief after third 
administration, appropriate adjunctive therapy is recommended. 
Precautions: If combined with other psychotropics or anticonvulsants, 
carefully consider individual pharmacologic effects—particularly with 
known compounds which may potentiate action of Valium, i.e., pheno- 
thiazines, narcotics, barbiturates, MAO inhibitors and antidepressants. 
Protective measures indicated in highly anxious patients with accom- 
panying depression who may have suicidal tendencies. Observe usual 
precautions in impaired hepatic function; avoid accumulation in 
patients with compromised kidney function. Limit oral dosage to 
smallest effective amount in elderly and debilitated to preclude ataxia 
or oversedation (initially 2 to 2’ mg once or twice daily, increasing 
gradually as needed and tolerated). 

The clearance of Valium and certain other benzodiazepines can be 
delayed in association with Tagamet (cimetidine) administration. The 
clinical significance of this is unclear. 

INJECTABLE: Although promptly controlled, seizures may return; read- 
minister if necessary; not recommended for long-term maintenance 
therapy. Laryngospasm/increased cough reflex are possible during per- 
oral endoscopic procedures; use topical anesthetic, have necessary 
countermeasures available. Hypotension or muscular weakness possi- 
ble, particularly when used with narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Side effects most commonly reported were drows- 
iness, fatigue, ataxia. Infrequently encountered were confusion, consti- 
pation, depression, diplopia, dysarthria, headache, hypotension, incon- 
tinence, jaundice, changes in libido, nausea, changes in salivation, skin 
rash, slurred speech, tremor, urinary retention, vertigo, blurred vision. 
Paradoxical reactions such as acute hyperexcited states, anxiety, hallu- 
cinations, increased muscle spasticity, insomnia, rage, sleep distur- 
bances and stimulation have been reported; should these occur, 
discontinue drug. 

Because of isolated reports of neutropenia and jaundice, periodic 
blood counts, liver function tests advisable during long-term therapy. 
Minor changes in EEG patterns, usually low-voltage fast activity, have 
been observed in patients during and after Valium therapy and are of 
no known significance. 

INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, 
syncope, bradycardia, cardiovascular collapse, nystagmus, urticaria, 
hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed respiration, 
dyspnea, hyperventilation, laryngospasm/pain in throat or chest have 
been reported. 

Management of Overdosage: Manifestations include somnolence, 
confusion, coma, diminished reflexes. Monitor respiration, pulse, blood 
pressure; employ general supportive measures, IV. fluids, adequate air- 
way. Use levarterenol or metaraminol for hypotension. Dialysis is of 
limited value. 

How Supplied 

ORAL: Round, scored tablets* with a cut out “V” design—2 mg, white; 
5 mg, yellow; 10 mg, blue—bottles of 100 and 500; Prescription Paks of 
50, available in trays of 10. Tel-E-Dose® packages of 100, available in 
boxes of 4 reverse-numbered cards of 25, and in boxes containing 10 
strips of 10. 

INJECTABLE:* Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. 


* Supplied by Roche Products Inc., Manati, Puerto Rico 00701 
“Manufactured by Hoffmann-La Roche Inc., distributed by 


Roche Products Inc. 
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Marcaine Spinal 


bupivacaine HCI, USP 0.75% 
with dextrose, USP 8.25% injection 


PLEASE CONSULT FULL PRESCRIBING INFORMATION: A SUMMARY FOLLOWS: 
CONTRAINDICATIONS: MARCAINE Spinal is contraindicated in patients with a known hypersensitivity 
to it or to any local anesthetic agent of the amide-type. The following conditions preclude the use of 
spinal anesthesia: (1) Severe hemorrhage, severe hypotension, or shock and arrhythmias, such as 
complete heart block, which severely restrict cardiac output; (2) Local infection at the site of proposed 
lumbar puncture: (3) Septicemia. 

WARNINGS: LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL 
VERSED IN DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMER- 
GENCIES WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER 
INSURING THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIO- 
PULMONARY RESUSCITATIVE EQUIPMENT, AND THE PERSONNEL RESOURCES NEEDED FOR PROPER 
MANAGEMENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See also ADVERSE REACTIONS 
and PRECAUTIONS.) DELAY IN PROPER MANAGEMENT OF DOSE-RELATED TOXICITY. UNDERVENTI- 
LATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE DEVELOPMENT OF 
ACIDOSIS, CARDIAC ARREST. AND. POSSIBLY, DEATH. 

Spinal anesthetics should not be injected during uterine contractions, because spinal fluid current 
may carry the drug further cephalad than desired. 

A tree fiow of cerebrospinal fluid while performing spinal anesthesia indicates entry into the subarach- 
noid space. Aspiration should be performed before the anesthetic is injected to confirm entry into the 
subarachnoid space and to avoid intravascular injection. 

MARCAINE solutions containing epinephrine or other vasopressors should not be used concomitantly 
with ergot-type oxytocic drugs, because severe, persistent hypertension may occur MARCAINE solu- 
tions containing a vasoconstrictor such as epinephrine should be used cautiously in patients receiving 
monoamine oxidase inhibitors (MAOI) or antidepressants of the triptyline or imipramine types, because 
severe prolonged hypertension may resuit. 

Administration of MARCAINE to patients younger than 18 years is not recommended, nor is the mixing 
or the prior or intercurrent use of any other loca! anesthetic with MARCAINE because of insufficient data 
on the clinical use of such mixtures. 


PRECAUTIONS: General: The safety anc effectiveness of spina! anesthetics depend on proper dosage, 
correct technique, adequate precautions, and readiness for emergencies. Resuscitative equipment, 
oxygen, and other resuscitative drugs should be available for immediate use. (See WARNINGS and 
ADVERSE REACTIONS.) The patients should have IV fluids running via an indwelling catheter to assure a 
functioning intravenous pathway. The lowest dosage of local anesthetic that resuits in effective anesthe- 
sia should be used. Aspiration for blood should be performed before injection and injection should be 
made siowly. Tolerance varies with the status of the patient. Eiderly patients and acutely iil patients may 
require reduced doses. Reduced doses may also be indicated in patients with increased intra-abdominal 
pressure (including obstetrical patients}. if otherwise suitable for spinal anesthesia. 

Cardiovascular and respiratory vital signs and the patients state of consciousness after local anes- 
thetic injection should be constantly and carefully monitored. Restiessness, anxiety, incoherent speech, 
light-headedness, numbness, and tingling of the mouth and lips, metallic taste, tinnitus, dizziness, blurred 
vision, tremors, depression or drowsiness may be early warning signs of central nervous system toxicity. 

Spinal anesthetics should be used cautiously in patients with severe disturbances of cardiac rhythm, 
shock or heart block, 

Sympathetic blockade during spina! anesthesia may result in peripheral vasodilation and hypoten- 
sion, the extent depending on the number of dermatomes blocked. Blood pressure should be carefully 
monitored especially in the early phases of anesthesia. Hypotension may be controlled by vasoconstric- 
tors in dosages depending on the severity of hypotension and response of treatment. The level of 
anesthesia should also be carefully monitored because it is not always controllable in spinal techniques. 

Because the liver metabolizes amide-type local anesthetics such as MARCAINE, these drugs, espe- 
cially repeat doses, should be used cautiously in patients with hepatic disease. Patients with severe 
hepatic disease are at a greater risk of developing toxic plasma concentrations. Local anesthetics 
shouid aiso be used cautiously in patients with impaired cardiovascular function because they may be 
fess able to compensate for functional changes associated with the prolongation of A-V conduction 
produced by these drugs. However, dosage recommendations far spinal anesthesia are much lower than 
those in other major blocks; most experience regarding hepatic and cardiovascular disease dose- 
related toxicity is derived from these other major blocks. 

Serious dose-related cardiac arrhythmias may occur if preparations containing a vasoconstrictor 
such as epinephrine are used in patients during or following the administration of potent inhalation 
agents. in deciding whether to use these products concurrently in the same patient, the combined action 
of both agents on the myocardium. the concentration and volume of vasoconstrictor used, and the time 
since injection, when applicable, should be considered. 

Many drugs used during the conduct of anesthesia are considered potential triggering agents for 
familial malignant hyperthermia. it is not known whether amide-type local anesthetics trigger this 
reaction, and since the need for supplemental genera! anesthesia cannot be predicted in advance, a 
standard protocol for management should be available. Early unexplained signs of tachycardia, tachyp- 
nea, labile blood pressure, and metabolic acidosis may precede temperature elevation. Successful 
outcome depends on early diagnosis, prompt discontinuance of the suspect triggering agentis) and 
institution of treatment, including oxygen therapy, indicated supportive measures and dantrojene. 
iConsult dantrolene sodium package insert before using.) 

The following conditions may preciude the use of spinal anesthesia, depending on the physician's 

evaluation of the situation and ability to deal with possible complications or complaints: (1) Preexisting 
diseases of the centrai nervous system, such as those resulting from pernicious anemia, poliomyelitis, 
syphilis, tumor: {2} Hematological disorders predisposing to coagulopathies or patients on anticoagu- 
iant therapy. Trauma to a blood vessel during the conduct of spinal anesthesia may, in some instances, 
result in uncontrollable central nervous system hemorrhage or soft tissue hemorrhage; (3) Chronic 
backache and preoperative headache; {4} Hypotension and hyperension: (5) Technical problems (per- 
sistent paresthesias or bloody tap). {6} Arthritis or spinal deformity, {7} Extremes of age: (8) Psychosis 
or ather causes of poor cooperation by the patient. 
information for Patients: Patients shouid be informed that they may experience temporary loss of 
sensation and motor activity, usually in the lower half of the body, following proper administration of 
spinal anesthesia. Also, when appropriate. the physician shouid discuss other information inciuding 
adverse reactions in the MARCAINE Spinal package insert. 
Clinically Significant Drug interactions: Local anesthetic solutions containing epinephrine or norepi- 
nephrine administered to patients receiving monoamine oxidase inhibitors or tricyclic antidepressants 
may produce severe, prolonged hyperiension. Concurrent use of these agents should generally be 
avoided but, when necessary, careful patient monitoring is essential. 

Concurrent administration of vasopressor drugs and of ergcot-type oxytocic drugs may Cause severe 
persistent hypertension or cerebrovascular accidents. 

Phenothiazines and butyrophenones may reduce or reverse the pressor effect of epinephrine. 
Carcinogenesis, Mutagenesis, and impairment of Fertility: Long-term studies in animais of most 
local anesthetics including bupivacaine to evaluate carcinogenic potential have not been conducted. 
Mutagenic potential or the effect on fertility have not been determined. There is no evidence from 
human data that MARCAINE Spinal may be carcinogenic, or mutagenic or that it impairs fertility. 
Pregnancy Category C: Decreased pup survival in rats and an embryocidai effect in rabbits have been 
observed when bupivacaine hydrochionde was administered in doses comparable to 230 and 130 times 
respectively the maximum recommended human spinal dose. There are no adequate and well-controlled 
studies in pregnant women of bupivacaine’s effect on the developing fetus. Bupivacaine hydrochioride 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. This 
does not exclude the use of MARCAINE Spinal at term for obstetrical anesthesia. (See Labor and Delivery.) 
Labor and Delivery: Spina! anesthesia has a recognized use during labor and delivery. Bupivacaine 
hydrochloride, when administered properly, via the epidural route in doses 10 to 12 times the amount 
used in spinal anesthesia has been used for obstetrical analgesia and anesthesia without evidence of 
adverse effects on the fetus. 

Regional anesthesia has produced maternal hypotension. Local anesthetics produce vasodilation by 
blocking sympathetic nerves. Elevating the patient's legs and positioning her on her left side will heip 
prevent decreases in biood pressure. The fetal heart rate should be monitored continuously and 
electronic fetal monitoring is highly advisable. 

itis extremely important to avoid aortocaval compression by the gravid uterus during administrations 
of regional block to parturients. To do this, the patient must be maintained in the ief lateral decubitus 
position or a blanket roli or sandbag may be placed beneath the right hip and the gravid uterus displaced 
ta the left. 

Spinal anesthesia may alter the forces of parturition through changes in uterine contractility or 
maternal expuisive efforts. Spinal anesthesia has also been reported to proiong the second stage of 
labor by removing the parturient’s reflex urge to bear down or by interfering with motor function. 
Obstetrical anesthesia may increase the need for forceps assistance. 

The use of some local anesthetic drug products during labor and delivery may result in diminished 
muscie strength and tone for the first day or two of life. This has not been reported with bupivacaine. 

Cardiac arrest has been reported during use of MARCAINE 0.75% solution for epidural anesthesia in 
obstetrical patients. The MARCAINE hydrochloride package insert for epidural. nerve Block, etc. dis- 
cusses this problem. These cases are compatible with systemic toxicity following unintended intravascu- 


iar injection of the much larger doses recommended for epidural anesthesia and have not occurred 
within the dose range of bupivacaine hydrochioride 0.75% recommended for obstetrical spinal anes- 
thesia. The 0.75% concentration of MARCAINE is therefore not recommended for obstetrical epidural 
anesthesia. MARCAINE Spinal (bupivacaine HCI 0.75% with dextrose 8.25%) is recommended for spinal 
anesthesia in obstetrics. 

Nursing Mothers: His not known whether focal anesthetic drugs are excreted in human milk, therefore, 
caution should be exercised when local anesthetics are administered to a nursing woman. 

Pediatric Use: Until turther experience is gained in patients younger than 18 years, administration of 
MARCAINE Spinal in this age group is not recommended. 


ADVERSE REACTIONS: Reactions to bupivacaine are characteristic of those associated with other 
amide-type loca! anesthetics. The most commonly encountered acute adverse experiences following 
sp:nai anesthesia are hypotension due to loss of sympathetic tone and respiratory paralysis or under- 
ventilation due to cephalad extension of the motor levei of anesthesia. These may lead to cardiac arrest 
if untreated. in addition, dose-related convulsions and cardiovascular collapse may result from dimin- 
ished tolerance, rapid absorption from the injection site, or from unintentional intravascular injection of 
a local anesthetic solution. Factors influencing plasma protein binding, such as acidosis, systemic dis- 
eases which alter protein production, or competition of other drugs for protein binding sites, may diminish 
individual tolerance. 

Respiratory System: Respiratory paralysis or underventilation may result from upward extension of the 
level of spinal anesthesia and may lead to secondary hypoxic cardiac arrest if untreated. Preanesthetic 
medication, intraoperative analgesics and sedatives, as weil as surgical manipulation may contribute to 
underventilation. This will usually occur within minutes of the injection of spinal anesthetic solution, but 
because of differing maxima! onset times, intercurrent drug use, and surgical manipulation, it may occur 
at any time during surgery or the immediate recovery period. 

Cardiovascular System: Hypotension due to loss of sympathetic tone is a commonly encountered 
extension of the clinical pharmacology of spinal anesthesia. This is more commonly observed in patients 
with shrunken blood and interstitial fluid volumes, cephalad spread of the local anesthetic and/or 
mechanical obstruction of venous return. Nausea and vomiting are frequently associated with hypoten- 
sive episodes following the administration of spinal anesthesia. High doses, or inadvertent intravascular 
injection, may lead to high plasma levels and related depression of the myocardium, decreased Cardiac 
output, bradycardia, heart block, ventricular arrhythmias and possibly cardiac arrest. (See WARNINGS. 
PRECAUTIONS, and OVERDOSAGE sections.) 

Centrai Nervous System: Respiratory paralysis or underventilation secondary to cephalad spread of 
the level of spinal anesthesia (see Respiratory System) and hypotension for the same reason (see 
Cardiovascular System} are the two most commonly encountered centrai nervous system-related 
acverse observations which demand immediate countermeasures. 

High doses, or inadvertent intravascular injections may lead to high plasma levels and related central 

nervous system toxicity characterized by excitement and/or depression. Restlessness, anxiety, dizzi- 
ness, tinnitus, blurred vision, or tremors may occur, possibly proceeding to convulsions. However. 
excitement may be transient or absent, with depression being the first manifestation of an adverse 
reaction. This may quickly be followed by drowsiness merging into unconsciousness and respiratory 
arrest. 
Neurologic: Adverse neurologic reactions associated with the use of local anesthetics may be related to 
the total dose of local anesthetic administered and aiso depend on the particular drug used, the route of 
administration and the physical status of the patient. Many effects may be related to local anesthetic 
techniques, with or without a contribution from the drug. 

Neurologic effects following spinal anesthesia may include loss of perineal sensation and sexual 
function, persistent anesthesia, paresthesia, weakness and paralysis of the lower extremities and joss of 
sphincter control all of which may have slow, incomplete or no recovery: hypotension: high or total spinal 
block: urinary retention: headache: backache: septic meningitis; meningismus: arachnoiditis; slowing of 
labor, increased incidence of forceps delivery; shivering, cranial nerve paisies due to traction on nerves 
from toss of cerebrospinal fluid; fecai and urinary incontinence, 

Allergic: Allergic-type reactions are rare and may occur as a result of sensitivity to the local anesthetic. 
These reactions include urticaria, pruritus, erythema, angioneurotic edema {inciuding laryngeal edema), 
tachycardia, sneezing, nausea, vomiting, dizziness, syncope, excessive sweating, elevated temperature, 
and possibly anaphylactoid-like symptomatology (including severe hypotension). Cross-sensitivity 
among members of the amide-type focal anesthetic group has been reported. 

Other: Nausea and vomiting may occur during spinal anesthesia. 


OVERDOSAGE: Acute emergencies trom local anesthetics are generally related to high plasma levels 
encountered during therapeutic use or to underventilation (and perhaps apnea) secondary to upward 
extension of spinal anesthesia. Hypotension is commonly encountered during the conduct of spinal 
anesthesia due to relaxation of sympathetic tone or contributory mechanical obstruction of venous return, 
Management of Local Anesthetic Emergencies: The first consideration is prevention through careful 
and constant monitoring of cardiovascular and respiratory vital signs and the patient's state of conscious- 
ness after each local anesthetic injection. Administer oxygen at the first sign of change. 

The first step in managing systemic toxic reactions, as weil as underventiation or apnea due to a high or 
total spinal (s to immediately establish and maintain a patent airway and effective assisted or controlled 
ventiation with 100% oxygen with a delivery system capable of permitting immediate positive airway 
pressure by mask. This may prevent convulsions if they have not already occurred. 

if necessary, use drugs to control convulsions. A 50 mg to 100 mg bolus IV injection of succinyicholine 
will paralyze the patient without depressing centrai nervous or cardiovascular systems and facilitate 
ventilation. A bolus IV dose of 5 mg to 10 mg of diazepam or 50 mg to 100 mg of thiopentai will permit 
vemilation and counteract centra! nervous system stimulation, but these drugs also depress centra! 
nervous system, respiratory and cardiac function, add to postictal depression and may result in apnea. 
Intravenous barbiturates, anticonvulsant agents, or muscle relaxants should only be administered by 
those familiar with their use. immediately after instituting these ventilatory measures, the adequacy of the 
crculation should be evaluated. Supportive treatment of circulatory depression may require adminis- 
tration of intravenous fluids, and when appropriate, a vasopressor dictated by the Clinical situation. 

Hypotension due to sympathetic relaxation may be managed with intravenous fluids. in an attempt to 
relieve mechanical obstruction of venous return or by using vasopressors and, if indicated, by giving 
pasma expanders or whole biood. 

Endotracheal intubation, employing drugs and techniques familiar to the physician, may be indicated 
after initial administration of oxygen by mask if difficulty is encountered in maintaining a patent airway or 
it prolonged ventilatory (assisted or controlled) support is indicated. 

Recent clinical data fram patients experiencing local anesthetic-induced convulsions demonstrated 
rapid development of hypoxia, hypercarbia, and acidosis with bupivacaine within a minute of the onset of 
convulsions. These observations suggest that oxygen consumption and carbon dioxide production are 
greatly increased during local anesthetic convulsions and emphasize the importance of immediate and 
effective ventilation with oxygen which may avoid Cardiac arrest 

if not treated immediately, convulsions with simultaneous hypoxia, hypercarbia, and acidosis plus 
myocardial depression from the direct effects of the loca! anesthetic may result in cardiac arrhythmias, 
tradycardia, asystole, ventricular fibrillation, or cardiac arrest. Respiratory abnormalities, including 
apnea, may occur. Underventilation or apnea due to a high or total spinal may produce these same signs 
and atso lead to cardiac arrest if ventilatory support is not instituted. If cardiac arrest occurs, standard 
cardiopulmonary resuscitative measures should be instituted and maintained for a prolonged period if 
necessary. Recovery has been reported after prolonged resuscitative efforts. 

The supine position is dangerous in pregnant women at term because of aortocaval compression by the 
gravid uterus. Therefore, during treatment of systemic toxicity, maternal hypotension or fetal bradycardia 
following regional block, the parturient should be maintained in the left lateral decubitus position if 
possibie, or manual displacement of the uterus off the great vessels be accomplished. 

The mean seizure dosage of bupivacaine in rhesus monkeys was found to be 4.4 mg/kg with mean 

arterial plasma concentration of 4.6 meg/mL. The intravenous and subcutaneous LD, in mice is 6 mg/kg 
to 8 mg/kg and 38 mg/kg to 54 mg/kg respectively. 
Composition of MARCAINE Spinal Solutions: Each 1 ml of MARCAINE Spinal contains 7.5 mg 
bupivacaine hydrochloride and 82.5 mg dextrose. The pH of this solution is adjusted between 4.0 and65 
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Noninvasive Assessment by Radiotelemetry of Antacid Effect 


during Labor 


Geraldine M. O’Sullivan, MB, FFARCS, and Roy E. Bullingham, MB, FFARCS 


O’SULLIVAN GM, BULLINGHAM RE. Noninvasive 
assessment by radiotelemetry of antacid effect during 
labor. Anesth Analg 1985;64:95-100. 


A noninvasive radioteiemetry technique was used to study 
the antacid effect of 15 ml of 0.3 M sodium citrate in 26 
women in established labor. The subjects swallowed a pH 
radio pill, whose signal was detected transabdominally by 
a radio recetver. The median and range of values for the 
time to return to the preantacid basal pH for all of the women 
in labor was 84.0 (11.8-195.8) min. However, there was 
a significant difference (P < 0.05) in the duration of action 
of sodium citrate between the women who had received no 


Numerous preventative and prophylactic measures 
are practiced in an attempt to reduce the risk of acid 
pulmonary aspiration (Mendelson’s syndrome) (1) 
during labor and delivery. These include prohibition 
of solid food during labor, preoperative emptying of 
the stomach, oral administration of antacids during 
labor with an additional bolus prior to surgery, and 
the use of cricoid pressure during the induction of 
general anesthesia. More recently, the use of H, re- 
ceptor antagonists during labor and before cesarean 
section (2,3) has been suggested. 

The severity of Mendelson’s syndrome is a function 
of the pH and volume of the aspirated fluid (4,5). In 
the past, because antacids did not always appear to 
provide protection against the effect of aspiration (6,7), 
larger volumes and their more frequent administra- 
tion during labor were advocated (8,9). The known 
pulmonary toxicity associated with the aspiration of 
antacids (10), the severity of which appears to depend 
upon the volume aspirated (11), and the failure to 
improve maternal mortality despite the use of re- 
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analgesia and those given intramuscular meperidine. The 
median and range of values for the time to return to the 
preantacid basal pH in patients who had received meperidine 
during labor was 166.0 (147.7-195.8) min, whilst in those 
who had received no analgesia the values were 56.7 
(11.8-143.0) min. There were no significant differences 
between patients given no analgesia and those given extra- 
dural analgesia. Pretreatment with intravaginal prosta- 
glandins (PGE,) did not influence antacid effect. 


Key Words: GASTROINTESTINAL TRACT—antacids. 
ANESTHESIA— obstetrics. 


peated doses of antacids (12) cast doubt on the validity 
of administering antacids prophylactically through- 
out labor. 

A recent study (13) using a noninvasive radio- 
telemetry technique demonstrated a wide variation in 
the efficacy and duration of action of both particulate 
and nonparticulate antacids. Nor was any difference 
found in antacid effect between pregnant and non- 
pregnant women (14). In addition, doubling the vol- 
ume of the nonparticulate antacid 0.3 M sodium ci- 
trate from 15 ml to 30 ml was not found to produce 
a significantly greater effect (15). These studies did, 
however, indicate that one of the main factors deter- 
mining the duration of antacid action was the rate of 
gastric emptying. During labor, antacid efficacy might 
differ from that in nonlaboring pregnant women, be- 
cause of the gastrointestinal effects of labor itself, the 
associated pain, and the concomitant use of analge- 
sics, prostaglandins, or oxytocics. In this study, a non- 
invasive radiotelemetry technique was applied to as- 
sess antacid efficacy during established labor. 


Materials and Methods 
Radiotelemetry Equipment 


The radiotelemetry system has three main compo- 
nents: a pH radio pill (Model 7006, Medici Develop- 
ments Ltd, London); an aerial; and a receiving system 
(16). The pH pill, which measures approximately 28 
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mm by 7.2 mm, consists of a glass case that contains 
a transducer, a replaceable mercury battery (Ray-O- 
Vac R212, 1.4 V), and a small encapsulated radio 
transmitter. A pH-sensitive glass bulb is fused to one 
end of the pill, and a replaceable reference electrode 
is inserted into the opposite open end of the pill. This 
electrode is contained in a silicone rubber moulded 
cap and consists of a silver~silver chloride disc and a 
salt bridge. Changes in pH are detected by the elec- 
tronic assembly and the signal is received by inductive 
coupling to an aerial that is connected to a radio re- 
ceiver designed for reception in the frequency range 
285-525 kHz. The receiver unit measures 27 cm by 12 
cm by 15 cm and weighs 3 kg. Radio pills transmit 
very low power (less than one mW) and at a distance 
of more than 1 m it is very difficult to receive the 
signal without interference. The receiver also moni- 
tors the signal strength from the pill, which allows 
optimum positioning of the aerial, thereby preventing 
the appearance of artifact in the recorded trace due 
to a critical decline in signal strength. After activation 
of the pill in 0.1 M HCl and of the reference electrode 
in a saturated saline solution, the pills were assembled 
and calibrated. Calibration was performed at 37°C in 
a thermostatically controlled water bath, using buffers 
of known pH (2 and 7 [Fisons, Burroughs-Wellcome]). 
A buffer solution of pH 4 was used to check the lin- 
earity of the pH pills. The pH measurements of the 
pill are linear (+ 0.2 pH) over the pH range 1-9. The 
pill reaches 95% of the final recorded value in 1 sec, 
and the temperature coefficient of the pH pill is ap- 
proximately 0.1 pH/°C. A chart recorder (MX2, Lec- 
tromed Ltd) was connected to the radio receiver to 
provide a permanent record for each subject. 


0.3 M Sodium Citrate (SCT) 


This solution was prepared in the hospital pharmacy 
by dissolving 88.23 g of trisodium citrate in 1 L of 
chloroform water. The solution also contains 10 ml of 
concentrated anise water (BPC), and the pH of the 
solutions used varied between 8.0 and 8.5. The so- 
lutions, which were replaced at two monthly inter- 
vals, were stored in a sealed plastic container in a 
refrigerator. 


Clinical Studies 


The efficacy of the nonparticulate antacid sodium ci- 
trate 0.3 M was assessed in 26 women in established 
labor. The study was approved by the Central Oxford 
Research Ethics Committee. In order to obtain fully 
informed consent, patients presenting for induction 
of labor were chosen and the study was explained to 
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Figure 1. Intragastric pH change after the administration of 15 ml 
of 0.3 M sodium citrate (SCT) to a woman in labor. 


them on the afternoon before induction. The principal 
indication for the induction of labor was the occur- 
rence of a postterm pregnancy, but labor was induced 
in two patients because of an increase in blood pres- 
sure at term. In two patients, induction of labor proved 
unnecessary when labor began spontaneously. Women 
considered by the obstetricians to have a cervix un- 
favorable for induction of labor were pretreated with 
2.5 mg of PGE> in a glyceride-based pessary (Witepsol 
E75). After amniotomy, labor was further augmented 
with oxytocin if required. All the subjects received a 
light breakfast (bread roll and tea), and in accordance 
with the regime of the labor ward, only sips of water 
were allowed during the course of labor. The study 
was not started in any patient until labor was well 
established, and thus no study was started until cer- 
vical dilatation had reached at least 4 cm. Analgesia 
of the patient’s choice, which could include the use 
of extradural analgesia, meperidine, or premixed ni- 
trous oxide—oxygen (Entonox), was administered as 
required during labor. The study was performed in 
the position that was most comfortable for the patient, 
most frequently the sitting or the left lateral position. 
This is in contrast to the previous radiotelemetry stud- 
ies (14,15) in pregnant women in which the subjects 
lay in the left lateral position in order to prevent the 
too rapid evacuation of the pill from the stomach. The 
women were allowed 15-30 ml water to facilitate 
swallowing of the pH pill. When a stable pH baseline 
had been reached, 15 ml of sodium citrate was ad- 
ministered. Recordings were continued until the pH 
had returned to the preantacid baseline, continuing 
throughout the second and third stages of labor if 
necessaty. 


Measurements and Analysis 


As in the previous telemetry studies (13-15), the fol- 
lowing indices were either measured or derived from 


rk 


| om 


“ANTACIDS DURING LABOR 


the recorded tracings: the initial resting pH value, the 
maximum pH reached after the administration of the 
antacid, the time taken to reach the maximum pH 
value, the time taken for the pH to decrease 1 pH 
unit from the maximum pH, the duration of time the 
pH remained above 3.0, the time taken for the pH to 
return to the initial pH value + 0.5 pH unit, the time 
taken for the pH to decrease to half of the maximum 
pH change (ty), and the difference between the times 
taken for the pH to fall to 90% and 10% of the peak 
value (to1-0.9). The integrated area under the curve 
of pH against time (AUC) was used as a measure of 
in vivo antacid efficacy and the units of measurement 
of this curve are pH-min (Fig. 1). The Kruskal Wallis 
and the Mann-Whitney U-tests were used to evaluate 
statistical significance. 


Results 


The mean + SEM values for the age, weight, and height 
of the women in labor were 28.4 + 1.2 yr, 
77.1 + 2.6 kg, and 1.63 + 0.01 m, respectively. The 
mean basal pH was 2.0 + 0.06. Four of the 26 women 
were primiparae, and 17 women were pretreated with 
PGE,. During the course of labor, 17 women required 
no analgesia until the end of the first stage when eight 
of these women used premixed nitrous oxide- 
oxygen. Of the remaining nine women, five had ex- 
tradural analgesia and four were given intramuscular 
meperidine (100 mg) and promethazine (25 mg). Two 
of the women who had received no analgesia vomited 
during the study, and only the data up to the time of 
emesis have been included. The pH pill left the stom- 
ach before the return to the preantacid baseline of 
three of the subjects who had received no analgesia 
and in one of the subjects who had been given me- 
peridine; such data as are available from these three 
patients have been included as appropriate. 

Table 1 illustrates the effects of administering 15 
ml of sodium citrate to women in labor. Table 2 shows 
the results divided into groups determined by the 
mode of analgesia used during the course of labor. 
There was a statistically significant difference for some 
of the measures of antacid duration between the group 
who had received no analgesia and those who had 
received meperidine. The median time to return to 
the preantacid basal pH was 166.0 min in those who 
had meperidine compared to 56.7 min in those who 
had no analgesia. There were no statistically signifi- 
cant differences between patients given no analgesia 
and those given extradural analgesia. Table 3 shows 
the results of the patients who had received no an- 
algesia and who have been subdivided into groups, 
depending upon whether they had been pretreated 
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Table 1. Values after the Administration of 15 ml of 
0.3 M Sodium Citrate to Women in Labor 








Median Range 
Number of women studied 26 
Basal pH 2.0 1.4-2.5 
Maximum pH 6.8 5.4-7.9 
Time to peak pH (min) 1.0 0.2-2.8 
Time to decrease 30.7 3.3-154.0 

1 pH unit from peak (min) 

AUC (pH-min) 207.8 34.1--630.3 
Time pH > 3.0 (min) 61.5 10.0-190.8 | 
fin (min) 47.0 6.3-187.5 
fo 10.9 (min) 69.3 6.2—186.6 
Time to return to basal pH (min) 84.0 11.8-195.8 


with PGE, pessaries. No significant differences were 
found between the two groups. 


Discussion 


The use of a radiotelemetry technique during labor 
allows gastric acidity to be measured accurately 
throughout labor and delivery. This study was per- 
formed in women who were in established labor, many 
of whom were being monitored for obstetric pur- 
poses. Although patient acceptance of the radio- 
telemetry technique was excellent, the recently de- 
veloped small portable radio receivers (17) could even 
circumvent the restrictions on ambulation necessary 
with the present equipment. 

During labor, the values relating to the preantacid 
residual volume and gastric secretion (basal pH and 
maximum pH) had similar medians and ranges to the 
values previously reported in women in the third 
trimester of pregnancy (15). The median values for 
antacid efficacy (AUC) and duration of action during 
labor were larger (though not significantly) than the 
values seen in nonlaboring women. The ranges of the 
measurements were also wider in labor; in particular, 
the upper range of the values recorded” was: about 
twice that of the women not in labor. Thus some 
women in labor are likely to obtain considerably more 
effect from antacid than volunteer studies would sug- 
gest, and Table 2 suggests that this is mainly due to 
the techniques used to relieve pain during labor. 

There was a significant difference (P < 0.05) for 
most of the measurements of dynamic antacid effect, 
i.e., the time required to return to the preantacid base- 
line, the time pH was > 3.0 and the to1-99 value, 
between the subjects who had received no analgesia 
and those who had been given meperidine. Although 
only four patients received meperidine, the effect was 
sufficiently marked so that nonparametric statistical 
methods (18) were able to distinguish these differ- 
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Table 2. Median and Range of Values after the Administration of 15 ml of 0.3 M Sodium Citrate to Women in Labor 








No analgesia Extradural Meperidine 
Number of women 17 5 4 
Basal pH 1.9 1-9 2.1 
(1.4-2.5) (1.5-2.1) (1.9-2.4) 
Maximum pH 6.8 6.8 7.0 
(5.4-7.9) (6.0-7.3) (6.0-7.6) 
Time to peak pH (min) 0.9 1.1 0.8 
(0.2-2.8) (0.6-2.2) (0.3-1.6) 
Time to decrease 15.8 35.0 49.4 
one pH unit (min) (3.3--80.7) (4.0-50.5) (26.2-154.0) 
AUC (pH-min) 192.3 327:2 374.0 
(34.1--409.0) (50.0—376.9) (259.6-630.3) 
Time pH > 3.0 (min) 5L 102.8 161.5° 
(11.0~142.8) (10.0-160.8) (126.3-190.8) 
hy, (min) 42.7 81.5 — 80.5 
(9.1~111.3) (6.3-106.6) (58.2—187.5) 
to.1-0.9 (min) 443° 96.6 141.3° 
(7.5--124.5) (6.2-159.7) (125.0-186.6) 
Time to return to 56.77 109.0 166.0" 
basal pH (min) (11.8-143.0) (13.3-177.0) (147.7-195.8) 


‘Significant difference (P < 0.05) between the patients who had received no analgesia and those who had received meperidine. 


ences. Although not statistically significant, the women 
in labor who had received extradural analgesia also 
had a longer duration of antacid action than the women 
who had received no analgesia. The previous telem- 
etry studies (13-15) assessing antacid effect in preg- 
nant and nonpregnant subjects indicated that gastric 
emptying was one of the principal factors determining 
the duration of action of antacids. From the known 
effects of opiates on the gastrointestinal tract (19), the 
prolongation of antacid effect in those subjects given 
parenteral analgesia could perhaps have been pre- 
dicted. The delay in gastric emptying, with the con- 
sequent alteration of antacid duration of action, caused 
by the use of extradural analgesia, was less than that 
caused by narcotic analgesia, a feature supported by 
previous studies comparing the effects of narcotic an- 
algesia and extradural analgesia on the gastrointes- 
tinal tract (20). 

This study thus suggests that although there may 
be a slight delay in gastric emptying during labor, it 
is greatly accentuated by the effect of meperidine and 
to a lesser extent by extradural analgesia. Previous 
studies on gastric emptying during labor are, possibly 
because of the variety of techniques used, somewhat 
conflicting but generally support these findings. In 
two separate x-ray studies of gastric emptying in labor 
(the first (21) in which the women had received no 
medication and the second (22) in which medications 
are not mentioned), only three women from the total 
of 22 studied demonstrated a delay in gastric emp- 
tying. Yet another x-ray study (23) demonstrated that 
labor plus analgesia (meperidine 100 mg, scopolamine 


0.4 mg) resulted in a greater delay in gastric emptying 
relative to the delay seen in third trimester patients 
who had received the same medication. Utilizing the 
kinetics of oral paracetamol absorption (24) as an in- 
direct method of assessing gastric emptying (which 
method relies on the rapid absorption of paracetamol 
from the upper small intestine), labor alone was shown 
to cause a minimal delay in gastric emptying. How- 
ever when narcotic analgesics were administered there 
was a very marked inhibition of gastric emptying; the 
mean maximum plasma concentration was not reached 
until 4 hr after ingestion in the patients who had 
received meperidine (100-150 mg) as compared to 30 
min in women early in labor who had received no 
analgesia. In contrast, one study using a 750 ml water 
test meal (25) in women who had not received anal- 
gesia, demonstrated both a marked delay in gastric 
emptying during labor and an alteration from the nor- 
mal exponential pattern of evacuation of liquids from 
the stomach. 

Although it is the methylated prostaglandin ana- 
logues that cause the greatest decrease in gastric se- 
cretion (26), several of the natural prostaglandins such 
as PGE, and PGE, inhibit gastric acid secretion in 
animals and humans when given parenterally but are 
inactive or weak if given orally (27). PGE, has been 
shown to lower gastro—esophageal sphincter pres- 
sure, but it does not significantly alter gastric motility 
(28). PGE, is rapidly absorbed from the vagina, and 
systemic plasma concentrations are maintained for 
several hours, although considerable patient variation 
occurs (29). The effect on the gastrointestinal tract of 
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Table 3. Efficacy and Duration of Action of 15 ml of 0.3 M Sodium Citrate in the Subjects Receiving No Analgesia 
during Labor and Who Either Were or Were Not Pretreated with Vaginal PGE, Pessaries 








PGE, No pretreatment P value 
Number 1C 7 
Basal pH 1.8 2.1 NS 
(1.4-2.5) (1.8-2.5) 
Maximum pH 6.7 7.3 NS 
(5.4-7.7) (6.2-7.9) 
Time to peak 1.0 0.9 NS 
pH (min) (0.4-2.7) (0.2-2.8) 
Time to decrease 14.0 23.0 NS 
1 pH unit (min) (3.3-80.7) (10.1-61) 
AUC (pH-min) 191.0 193.6 NS 
(34. 1409.0) (58.0-354.3) 
Time pH > 3.0 (min) 49.9 55.0 NS 
(11.0-117.4) (15.5-142.8) 
fy, (min) 44.6 40.8 NS 
(12.4-111.3) (9.1-105.5) 
to.1-0.9 (min) 35.0 68.5 NS 
(7.5-89.01 (12.3-124.5) 
Return to basal 55.0 77.3 NS 
pH (min) (11.8-128.0) (19.8-143.0) 


Values are medians and ranges. NS, not significant. 


prostaglandins given vaginally has not been studied, 
but their potential influence cannot be ignored. In this 
study, no difference was demonstrated between the 
patients who had or had not received PGE, but, given 
the large variation in the absorption from intravaginal 
prostaglandin pessaries, controlled studies would be 
required to elucidate definitively the effect of PGE, 
on the upper small intestine during labor. 

Any factor likely to alter gastric emptying is rele- 
vant if antacids are to be regularly administered 
throughout labor. Frequent antacid administration in 
the patients who have received opiate analgesia could 
result in an accumulating intragastric volume that may 
predispose to regurgitation should the patient require 
general anesthesia. Similarly, the unpredictable effi- 
cacy and duration of action of antacids in many of the 
other patients suggest that the use of antacids during 
labor is not a reliable means of maintaining a high 
intragastric pH at this time, and thus additional ant- 
acid must be administered before induction of anes- 
thesia. Because the repeated administration of ant- 
acids does not produce a more prolonged clinical effect 
(13) and, in the case of calctum-containing antacids, 
will even produce a rebound hypersecretion (30), there 
is little evidence to support the universal use of reg- 
ular doses of antacids throughout labor. When ant- 
acids are administered as prophylaxis before general 
anesthesia, they should be given immediately before 
induction of anesthesia. 

The present study indicates that studies assessing 
oral prophylaxis against acid aspiration should con- 


sider concomitant events that may alter gastric mo- 
tility. Such variables must be controlled for valid con- 
clusions about antacid effect. The action of the 
analgesics used during labor are especially impor- 
tant. Given the large number of possible interactions 
and the interpatient variability, patient safety from 
antacids can never be absolutely guaranteed. This 
strongly argues for clinical research into alternative 
methods of prophylaxis against the inhalation of gas- 
tric contents. 


The help and cooperation of the patients and staff of the John 
Radcliffe Hospital are greatly appreciated. 
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We describe a seven-compartment physiologic model of in- 
halational anesthetic induction with circulatory shunts that 
was used to simulate inhalational anesthetic induction in 
children with congenttal heart disease. Our conclusions based 


Controversy exists over the impact of left-to-right (L-R) 
shunts and mixed left-to-right and right-to-left (R-L) 
shunts (mixed shunts) on the rate of inhalational an- 
esthetic induction in children with congenital heart 
disease (1,2). Data are lacking on the effect of L-R 
shunts and mixed shunts on inhalational anesthetic 
induction in these patients. No physiologic pharma- 
cokinetic model has specifically addressed this 
question. 

Physiologic pharmacokinetic modeling has proven 
valuable in understanding the kinetics of inhalational 
anesthetics. There are several reasons for this: protein 
binding and plasma pH apparently do not influence 
the distribution of these drugs; data on gas—blood and 
tissue—blood partition coefficients for many of these 
drugs are available in the literature; and, these drugs 
depend primarily on ventilation for their clearance. 
This means the differences in drug metabolism, pro- 
tein binding, liver and kidney blood flow, or function, 
have little effect on steady-state anesthetic concentra- 
tion. For these reasons, many of our concepts of an- 
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on this model are that left-to-right (L-R) shunting has little 
effect on speed of induction; right-to-left (R-L) shunting 
significantly slows induction of N-O and halothane anes- 
thesia; and adding an L-R shunt to a preexisting R-L shunt 
will attenuate the slowing of induction caused by the R-L 
shunt. 


Key Words: PHARMACOKINETICS—circulatory 
shunts. ANESTHESIA, CARDIOVASCULAR. HEART— 
congenital defects. 


esthetic uptake and distribution have come from 
physiologic models by Eger, Mapleson, and others 
(3-10). 

The purpose of our study was to create a computer 
model to explore the effects of L-R shunts and mixed 
shunts on the speed of inhalational anesthetic induc- 
tion in children. The speed of inhalational anesthetic 
induction is determined by how rapidly adequate par- 
tial pressures of anesthetic are reached in the brain. 
Because the brain equilibrates rapidly with arterial 
blood, one way of comparing speed of inhalational 
induction in different circumstances is comparing rate 
of rise of arterial anesthetic partial pressures. In this 
paper, speed of induction refers to rate of rise of ar- 
terial anesthetic partial pressures. Because this rate 
changes with time, we chose to use graphic 
comparisons. 


Methods 


The model we designed consists of seven compart- 
ments. One compartment was used to represent each 
of the four tissue compartments used by Eger: vessel 
rich group (VRG), muscle, fat, and vessel poor group 
(VPG) (4). The heart was represented by two com- 
partments, one for the right side and one for the left 
side. In addition, one compartment represented lung 
gas (functional residual capacity), lung tissue, and 
lung blood. 
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Table 1. List of Variables Used in the Model 
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Symbol Variable Constant value 
P; Inspired partial pressure 
Pa Alveolar partial pressure 
P Arterial blood partial pressure 
Ps Mixed venous blood partial pressure 
Fore Vessel-rich group partial pressure 
ae Muscle partial pressure 
Prt Fat partial pressure 
ioe Vessel-poor group partial pressure 
Va Alveolar minute ventilation 2.25 L/min 
Qh Blood flow that perfuses body compartments (systemic cardiac output) 3.00 L/min 
2p Pulmonary blood flow that engages in gas exchange 
Q. R-L shunted blood 0.16 Limin 
Ô, L-R shunted blood 0.16 L/min 
Ò, Total cardiac output (Q,. + Òn) 3.16 L/min 
fog Fraction systemic blood flow to vessel-rich group 0.75 
Pa Fraction system blood flow to muscle 0.18 
frat Fraction system blood flow to fat 0.054 
vee Fraction system blood flow to vessel-poor group 0.016 
Wt Body weight 25 kg 
FRC Alveolar gas volume 0.821 L 
Vir Lung tissue volume 0.286 L 
Vie Lung blood volume (0.071 x Q/Q, L) 
Vent Right heart volume 0.040 L 
Vint Left heart volume 0.040 L 
Mo Vessel rich group volume 2.25 L 
V nus Muscle volume 12.5 L 
V iat Fat volume 5.0 L 
a Vessel-poor group volume 5.25 L 
Ave Blood-gas partition coefficient 
Nive Vessel-rich group blood partition coefficient 
À oo Muscle-blood partition coefficient 
À fat Fat-blood partition coefficient 
Ave Vessel-poor group—blood partition coefficient 
Àn Lung tissue-gas partition coefficient 


The circulation was represented as follows: venous 
blood returning from body tissue compartments and 
L-R shunted blood. mixed in the right side of the 
heart, and pulmonary blood that had equilibrated with 
lung gas and R—L shunted blood mixed in the left side 
of the heart. To simulate circulation time, delays were 
added between the left side of the heart and body 
tissue compartments and between body tissue com- 
partments and the right side of the heart. Two ad- 
ditional relationships were added to make the model 
more realistic. First, the concentration effect was 
modeled for N2O by increasing ventilatory inflow to 
compensate for gas uptake. Second, lung blood vol- 
ume was related to pulmonary blood flow in L-R 
shunting. Although other experimentally determined 
relationships between anesthetic depth and ventila- 
tion or cardiac output could have been incorporated 
into this model, these relationships were omitted so 
that the effects of L-R shunts and mixed shunts would 
be clear. 

Four constraints were used in this simulation. First, 
ventilation and circulation were represented as smooth 


continuous processes. Although these are really pul- 
satile processes, approximating them as continuous 
processes simplifies the model. This simplification is 
frequently used in modeling uptake and distribution 
of inhalational anesthetics, and does not introduce 
significant errors (10-12). Second, cardiac output, shunt 
fraction, and regional blood flow were maintained 
constant during each simulated induction. Third, 
ventilation was constant except for simulations of ni- 
trous oxide induction where it was increased to com- 
pensate for gas uptake (concentration effect). Fourth, 
anesthetic metabolism was considered negligible. 
We modeled three anesthetics: N.O, halothane, and 
diethyl ether. These were chosen because they rep- 
resent anesthetics of low, medium, and high solubil- 
ity. Shunt-induced changes in speed of induction were 
compared to the model’s “normal” 7-yr-old child, 
whose physiologic characteristics were defined as fol- 
lows: weight, 25 kg; body surface area, 1.0 m7; al- 
veolar minute ventilation (V4) 2.25 L/min; total cardiac 
output (Q,), 3.16 L/min; physiologic R-L shunt 0.05%, 
(0.16 L/min); physiologic L-R shunt 0.05%, (0.16 L/min). 


EFFECT OF SHUNTS ON SPEED OF INDUCTION 


Table 2. Rate Equations that Describe the Anesthetic 
Partial Pressure Relationships between Compartments 


dPaldt = (Va (Pi ~ Pa) — AvgQp (Pa — Pad) 
(FRC + AVe + Avg Viv) 

dP/dt = (TES n a FE O ne $ frat QueP tat + fvpgQocP VPE 
+ QP, E Q,P IV rtht 


dP/dt = (Q Pa ga QP; = QP) V in 

dP vrglflt = vse Qe (P a For) (Aveg Y ve) 

AP musldt = fus pe (P, Finda)! Osis Vats) 
dP idt = rat Qhe (Pa a Prat CÀ tat V tat) 

AP, fat i= Poore (P. — Pipa (Avpg V vps) 


These equations do not include circulatory delays and the concentration 
effect for N,Q. They were omitted to simplify understanding of the essential 
relationships. 


The distribution of blood flow perfusing body com- 
partments (Qie) was as follows: 75% of Qoc perfuses 
VRG; 18% of Qh. perfuses muscle; 5.4% of Qie perfuses 
fat; and 1.6% of Qs: perfuses VPG. Functional residual 
capacity (FRC) was 0.821 L. The differential equations 
defining the model can be found in Tables 1 and 2. 
The model was integrated using the Dynamo model- 
ing language on an IBM 370 mainframe computer. 


Results 
L-R shunts 


For L-R shunts without coexisting significant R-L 
shunts, two results were obtained. First, if systemic 
blood flow remained normal (Q,. = 3.0), no signifi- 
cant change was seen in the speed of induction. This 
is shown in Figure 1. Here, arterial-to-inspired con- 
centration ratio for N2O is plotted vs time. In this 
figure, the solid curve represents the previously de- 
fined control, and the dashed curve represents an L-R 
shunt with a total-to-systemic blood flow ratio (OOo) 
of 2. The reason for the small difference is that the 
control includes a physiologic 5% R-L shunt. (As will 
be discussed later, adding an L-R shunt to an R-L 
shunt results in a faster induction). 

Second, if systemic blood flow is decreased from 
normal levels and the distribution of blood flow re- 
mains normal; then induction is slower in the first 
few minutes but then faster. The difference, however, 
is small. This is shown in Figure 2. VRG-to-inspired 
concentration ratio for N2O is plotted vs time. The 
solid curve again represents control. The dashed curve 
represents a large L-R shunt (Q,/Q,. = 4) with a 30% 
reduction in tissue perfusion. Although this presumes 
a reduction in cerebral blood flow, that flow is still 93 
ml/100 g of brain tissue (normal Q; in children is higher 
than adults when compared to body weight). For an- 
esthetics more soluble than N,O, changes in speed of 
induction are smaller. 
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Figure 1. Arterial-to-inspired concentration ratio for N,O modeled 
with and without a moderate L-R shunt and normal tissue per- 
fusion. For the normal simulation, Ope = 3.0 L/min, Q, = 3.16 
L/min, Qr = 0.16 L/min, and Q, = 0.16 L/min. For the L-R shunt 


simulation, Q,. = 3.0 L/min, Ò, = 6.0 L/min, Ò, = 3.0 L/min, and 
Ò, = 0.3 L/min. 


R-L shunts 


For R-L shunts without coexisting L-R shunting, two 
results were obtained. First, induction is slowed with 
all three anesthetics modeled. And second, the impact 
of a R-L shunt on the speed of inhalational induction 
is greater with anesthetics of lower solubility. These 
results are shown in Figure 3. Here, the difference 
between arterial anesthetic concentration with and 
without a 50% R-L shunt is plotted as a function of 
time. As can be seen, the greatest initial change occurs 
with N20. Figure 4 shows the effects of a 20% R—L 
shunt. Again, greater slowing of induction is seen 
with anesthetics of lower solubility; however, changes 
are modest with all anesthetics. 


Mixed Shunts 


Our simulations suggest that mixed shunts cause less 
slowing of inhalational induction than predominantly 
R-L shunts. Mixed shunts occur, for instance, in some 
cases of ventricular septal defects and in children with 
Tetralogy of Fallot who have had a Blalock-Tausig 
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Figure 2. VRG-to-inspired concentration ratio for N,O modeled 
with and without a large L-R shunt and reduced tissue blood flow. 
For the normal simulation, Òe = 3.0 L/min, Q, = 3.16 L/min, Q, 
= 0.16 L/min, and Qs = 0.16 L/min. For the L-R shunt simulation, 
Ore = 2.1 L/min, Ò, = 8.4 L/min, Qr = 6.3 Limin, and Q, = 0.42 
L/min. 


procedure (which creates an L-R shunt). This point 
will be illustrated with two cases, one hypothetical 
and one actual. 

For the first case, the model’s hypothetical 7-yr- 
old, 25 kg child was given a 50% R-L shunt. To this 
50% R-L shunt, a 50% L-R shunt was added. This is 
shown in Figure 5. Here again the solid line represents 
arterial anesthetic partial pressures seen with only 
physiologic shunting (normal). The dotted curve rep- 
resents arterial anesthetic partial pressures in a 50% 
R-L shunt. The dashed curve represents a mixed 50% 
R-L and 50% L-R shunt. As can be seen, adding an 
L-R shunt to a large R~L shunt results in a signifi- 
cantly faster induction. 

For the second case, catheterization data from a 
child with pulmonary atresia and VSD were used. 
This child previously had both Waterston—Cooley and 
Blalock-Tausig shunts created. The catheterization 
showed a systemic blood flow (Q,.) of 4.4 L-min~1-m~2, 
an L-R shunt (Q,,) of 3.0 L-min7!-m~2, and an R-L 
shunt (Q,) of 1.9 L-min=!-m~?. 

His body weight, cardiac output, and shunt frac- 
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Figure 3. Decrease in arterial-to-inspired concentration ratio for 
three modeled anesthetics caused by a 50% R-L shunt. One = 3.0 
L/min, Q, = 3.16 L/min, Q, = 0.16 L/min, and Q, = 1.58 L/min. 
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Figure 4. Decrease in arterial-to-inspired concentration ratio for 
two modeled anesthetics caused by a 20% R-L shunt. Q: = 3.0 
L/min, Ò, = 3.16 L/min, Q, = 0.16 L/min, and Q, = 0.63 L/min. 


tions were entered into the model. An N-O induction 
was simulated without and then with the surgically 
created L-R shunts. This is shown in Figure 6. Here, 
the solid curve depicts what the situation would be 
without L-R shunting, and the dashed curve depicts 
the patient’s situation with mixed shunts. Addition 
of L-R shunts in this child should lead to a faster 
induction. 


i 


Discussion 


The speed of an inhalational anesthetic induction is 
determined by how fast an anesthetizing pressure is 
reached in the brain. This in turn is determined by 
three rates: rate of anesthetic inflow into the lungs; 
rate of anesthetic transfer from the lungs to arterial 
blood; and rate of anesthetic transfer from arterial 
blood to brain. 

An R-L shunt will slow induction. This is because 
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Figure 5. Arterial-to-inspired concentration ratio for N,O modeled 
with R-L shunting, mixed shunting, and without shunting (nor- 
mal). For the normal simulation, Qs: = 3.0 L/min, QO, = 3.16 L/min, 
Ò, = 0.16 L/min, and Q, = 0.16 L/min. For the R-L shunt sim- 
ulation, Ò = 3.0 L/min, Q, = 3.16 L/min, Q,, = 0.16 L/min, and 
O, = 1.58 L/min. For the mixed shunt simulation, Q,,. = 3.0 L/min, 
Ó = 6.0 Limin, Q, = 3.0 Limin, and Q, = 3.0 L/min. 


less anesthetic is absorbed from the lung. Less an- 
esthetic is therefore available for the brain. Thus a 
slower induction is seen. The magnitude of the change 
depends on the anesthetic’s solubility. To understand 
this, consider the induction of ether anesthesia. At 
the start of anesthesia (that is at t = 0), if the alveolar 
minute ventilation is 3 L/min, inhalation of 10% ether 
will deliver 300 ml/min of ether to the lungs. How- 
ever, with a blood—gas partition coefficient of 13, and 
a cardiac output of 3 L/min, the blood could carry 
away 3900 ml/min, if ventilatory inflow were unlim- 
ited. Thus the induction of a highly soluble anesthetic- 
like ether is limited by ventilation. An R-L shunt will 
decrease the rate of absorption from the lung, but this 
is not the rate-limiting step. Contrast this with the 
situation with N-O. With that same 3 L/min alveolar 
minute ventilation, and 3 L/min cardiac output, in- 
halation of 70% N:O will deliver N2O to the lungs at 
a rate of 2100 ml/min. But with a blood—gas partition 
coefficient of 0.47, the maximum rate of absorption is 
987 ml/min. Thus an R-L shunt, which decreases ef- 
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Figure 6. Simulated N20 arterial-to-inspired concentration ratio for 
a child with pulmonary atresia and a VSD with surgically created 
L-R shunting. For the R-L shunt only simulation, Qi. = 4.4 L/min/m?, 
Ò, = 4.62 L/min/m?, Ör = 0.22 Limin/m2, and Q, = 1.9 L/min/m?. 
For the mixed shunt simulation, Q,, = 4.4 L/min/m?, Q, = 7.4 
Limin/m?, Qr = 3.0 Limin/m?, and Q, = 1.9 Limin/m?, 


fective pulmonary blood flow, will have a significant 
effect on induction. 

An L-R shunt increases effective pulmonary blood 
flow. When combined with a physiologic (5%) R-L 
shunt, the increased pulmonary blood flow does not 
result in a significantly higher arterial anesthetic con- 
centration. If systemic blood flow remains normal, the 
rate of transfer of anesthetic to the brain is unchanged. . 
Thus speed of induction is not increased. An L-R 
shunt can speed induction only if it results in a de- 
creased cardiac output and an increased proportion 
of that reduced cardiac output goes to the brain. 

Mixed shunting results in a more normal speed of 
induction than does pure R-L shunting. Following 
the above reasoning, this is more easily understood. 
An R-L shunt decreases effective pulmonary blood 
flow. For less soluble anesthetics, this will slow in- 
duction. Adding an L-R shunt to that R-L shunt will 
increase effective pulmonary blood flow and coun- 
teract the effect of the R-L shunt. 

The effect of anesthetic level on cardiac output, 
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Figure 7. Measured change in arterial anesthetic concentration in 
the dog with ventilation blocked to one lung (from Stoelting and 
Longnecker (13) used with permission). 


regional blood flow, and shunt fraction were not in- 
cluded in the simulations. The primary reason for 
omitting these relationships was lack of data to quan- 
titate them. We speculate that an anesthetic-induced 
reduction in cardiac output with an increased fraction 
of cardiac output going to highly perfused tissues 
speeds induction. Also, with mixed shunting it is likely 
that anesthetics will increase right-sided pressures and 
decrease arterial pressure, thus causing an increase 
in R-L shunting and a decrease in L-R shunting. The 
impact of these changes in shunting would be a slower 
induction. 

There is experimental verification for some of the 
conclusions reached by our computer model. Stoelt- 
ing and Longnecker studied uptake of methoxyflur- 
ane, halothane, and cyclopropane in dogs with ven- 
tilation blocked to one lung (13). With one lung 
perfused, but not ventilated, a large R-L shunt would 
be expected. Their results are shown in Figure 7. Here 
percent change from control arterial anesthetic con- 
centration is plotted vs time. As can be seen, the 
greatest change is seen with the least soluble anes- 
thetic. Also, their experimental results are quite sim- 
ilar to the model's predicted results that were shown 
in Figure 4. 

To our knowledge, there are no experimental data 
in animals or humans on anesthetic induction with 
L-R or mixed shunts. One could measure anesthetic 
uptake in animals before and after the surgical crea- 
tion of shunts. Here, each animal could serve as its 
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own control. The feasibility of obtaining data in hu- 
mans is less promising. Adequate numbers of patients 
with shunts might be hard to find. Also, because these 
patients would be of different ages and sizes, match- 
ing study patients to controls would be a problem. 
All studies would require the measurement of arterial 
anesthetic partial pressures. In small patients (or small 
experimental animals) the amount of blood required 
to determine the anesthetic rate of rise could be large 
in comparison to the animal’s blood volume. Also, 
because a 30% variation in alveolar anesthetic partial 
pressures is seen in normal subjects, the differences 
in rate of induction predicted by our simulations would 
be difficult to quantitate in patients (14). 

In summary, we describe a seven-compartment 
mathematical model of inhalational anesthetic induc- 
tion in children with congenital heart disease. It led 
us to the following conclusions: L-R shunts do not 
significantly speed inhalational induction; R-L shunts 
do slow induction of poorly soluble gases; and mixed 
shunts cause less slowing than predominantly R-L 
shunts. 

The model is useful in understanding the kinetics 
of inhalational anesthetic induction in children with 
congenital heart disease. Also, it delineates problems 
of research in this area. 


References 
1. Moffitt EA, McGoon DC, Ritter DG. The diagnosis and cor- 
rection of congenital cardiac defects. Anesthesiology 


1970;33:144-59. 


2. Eger EI n. Effect of ventilation/perfusion abnormalities. In: An- 
esthetic uptake and action. Baltimore: Williams & Wilkins, 
1974:153. 


3. Kety SS. The theory and applications of the exchange of inert 
gas at the lungs and tissues. Pharmacol Rev 1951;3:1-41. 


4. Eger EI u. A mathematical model of uptake and distribution. 
In: Paper EM, Kitz RI, eds. Uptake and distribution of anes- 
thetic agents. New York: McGraw-Hill, 1963:72-87. 


5. Mapleson WW. An electric analogue for the uptake and ex- 
change of inert gases and other agents. J Appl Physiol 
1963;18:197—204. 


6. Ashman MN, Blesse WB, Epstein RM. A non-linear mode} for 
the uptake and distribution of halothane in man. Anesthe- 
siology 1970;33;:419-29. 


7. Smith NT, Zwart A, Beneken J. Interaction between the cir- 
culatory effects and the uptake and distribution of halothane. 
Anesthesiology 1972;37:47-58. 


8. Munson E, Eger El 1, Bowers D. Effects of anesthetic depressed 
ventilation and cardiac output on anesthetic uptake. Anesthe- 
siology 1973;38:251-9. 


9. Fukui Y, Smith NT. Interactions among ventilation, the cir- 
culation and the uptake and distribution of halothane: use of 
a hybrid computer multiple model. I. The basic model. Anes- 
thesiology 1981;54:107-18. 


io 


EFFECT OF SHUNTS ON SPEED OF INDUCTION 


10. 


11. 


12. 


Tanner G. Pharmacokinetics of inhalation anesthetics: a three 
compartment linear model. Anesth Analg 1982;61:587—94. 


Mapleson WW. Circulation-time models of the uptake of in- 
haled anesthetics and data for quantifying them. Br J Anaesth 
1973;45:319-33. 


Eger El n. Alveolar to inspired anesthetic difference. In: An- 


13. 


14. 


ANESTH ANALG 107 
1985;64:101-7 


esthetic uptake and action. Baltimore: Wiliams & Wilkins, 
1974:78. 

Stoelting RF, Longnecker DE. The effect of right-to-left shunt 
on the rate of increase of arterial anesthetic concentration. 
Anesthesiology 1972;36:352-6. 

Westenskow DR, Jordan WS, Hayes JK. Uptake of enflurane: 
a study of the variability between patients. Br J] Anaesth 
1983;55:595-600. 


108 ANESTH ANALG 
1985;64:108-16 


Anesthesia for Hepatic Transplantation: 


Cardiovascular and Metabolic Alterations and their Management 
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CARMICHAEL FJ, LINDOP MJ, FARMAN JV. Anesthesia 
for hepatic transplantation: cardiovascular and metabolic 
alterations and their management. Anesth Analg 
1985;64:108-16. 


We studied the cardiovascular and metabolic changes oc- 
curring during orthotopic liver transplantation in nine pa- 
tients. The operative management of these patients can be 
divided into an initial dissection phase, an anhepatic phase 
when the hepatic artery, portal vein, and inferior vena cava 
are cross-clamped, and the phase after the release of these 
clamps. On clamping the inferior vena cava, the systolic 
arterial pressure decreased from 134 + 9 to 104 + 8 mm 
Hg, the pulmonary artery pressure decreased from 25 + 4 
to 17 + 4 mm Hg, the mean pulmonary wedge pressure 
decreased from 11.9 + 1.9 to 6.8 + 1.2 mm Hg, and 
cardiac index decreased from 5.3 + 0.3 to 2.7 + 0.2 
L-min~}-m~?. There were compensatory increases in sys- 
temic vascular resistance from 806 + 52 to 1448 + 109 
dyne-cm-sec~> and in pulmonary vascular resistance from 
78 + 13 to 122 + 25 dyne-cm-sec~>. Removal of these 
clamps was followed by an initial depression in cardiac out- 


There have been more than 600 recipients for ortho- 
topic liver transplantation worldwide (1). The indi- 
cations for operation, medical considerations, and 
surgical procedures have been described (2,3). This 
procedure is arguably the most challenging ever reg- 
ularly encountered by the anesthesiologist. Previous 
anesthetic reports from centers engaged in liver trans- 
plantation have outlined the problems encountered 
during this procedure (4-8). The patient's hepatic 
function is likely to be greatly compromised preop- 
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put that returned to preclamping values. Profound meta- 
bolic alterations were encountered during these phases. Hy- 
drogen ion concentration increased from a mean of 39 + 2 
to 45 + 2 nmol/L during cross-clamping, with a further 
increase to 55 + 3 nmol/L after the initial perfusion of the 
new liver. Serum potassium levels increased significantly 
only on release of the clamps, from a mean of 3.8 + 0.3 to 
a peak of 5.3 + 0.6 mmol. With the reduction in pulmonary 
blood flow during the period of caval clamping, the end- 
tidal arterial carbon dioxide difference increased. These changes 
were independent of minute ventilation and returned to 
control levels by the end of the procedure. Blood glucose 
levels increased throughout initial stages of the operation 
from 12 + 2 to 26 + 3 mmol/L, but decreased by the end 
of surgery to 22 + 2 mmol/L. These changes were due to 
a combination of hemodynamic effects of inferior cava clamp- 
ing and the biochemical consequence of the introduction of 
the preserved liver into the circulation. 


Key Words: LIVER—transpilantation. ANESTHETIC 
TECHNIQUES—liver transplantation. 


eratively, resulting in hemodynamic, hematologic, and 
metabolic abnormalities that must be optimized be- 
fore surgery and compensated for during the anes- 
thetic. During the operation there is a period of sud- 
den and prolonged reduction in venous return to the 
heart while the vena cava is cross-clamped. This often 
occurs at a time of heavy blood loss. Finally, gross 
metabolic alterations commonly occur during the pro- 
cedure as a result of the preexisting hepatic dysfunc- 
tion, a 40-65 min anhepatic period, and as a result of 
the preservation of the donor liver, and compensation 
must be made for these. 

In this paper, new data utilizing pulmonary artery 
catheters describe in more detail the cardiovascular 
and metabolic alterations encountered during nine 
orthotopic liver transplant operations conducted at 
Addenbrooke’s Hospital in Cambridge, England. The 
current management of these conditions is discussed 
also. 
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Table 1. Patient Characteristics 


Protein 
total/ 

Age Bilirubin albumin Operative 
(yr) Diagnosis" (uzmol/L) (g/L) risk score” 

53 PBC 668 78/18 12 

37 PBC 368 69/17 11 

38 CAH 34 79/28 8 

42 PBC 384 63/26 12 

58 C-H 21 68/35 5 

23 CAH 87 56/22 14 

56 Hepatoma 10 73/23 8 

22 Hepatoma 7 72/46 5 

36 PBC 521 52/28 11 


ANESTH ANALG 109 


1985;64:108--16 
Duration Anhepatic 

Hb of surgery period Blood loss 
(g/dl) (hr) (min) (ml) 
10.6 6.5 65 3000 
12.7 6.0 40 3650 
12.5 6.8 64 4500 
11.9 6.0 50 6300 
10.9 4.0 45 4480 
11.9 9.0 48 11500 
14.4 6.5 39 8080 
14.6 4.3 43 1500 
10.4 5.8 55 7240 





Abbreviations: 


"PBC, primary biliary cirrhosis; CAH, chronic active hepatitis; C~H, cirrhosis and hepatoma. 


tOperative risk score from Pugh et al. (9). 


Methods 


Some salient features of each of the nine patients in- 
cluded in this study are given in Table 1. Their mean 
age was 43 + 5 yr with a range of 22-58 yr. The 
bilirubin levels were markedly elevated in the patients 
with primary biliary cirrhosis (PBC) at 485 + 70 mmol/L. 
All patients had hemoglobin levels above 10 g/dl. The 
white cell counts and platelet counts were in the nor- 
mal range in all patients except number 6 who had a 
WBC of 2100 x 10%/L and platelet count of 57 x 10°/L. 
The mean operative risk score for patients with liver 
disease, as defined by Pugh et al. (9), of 9.4 + 1.1 
placed the nine patients in a poor risk category, while 
the severely cirrhotic patients had higher scores than 
the two noncirrhotic patients (11.3 + 0.8 vs 5 and 5). 
The average duration of the anesthetic was 6.1 + 0.5 
hr, with the mean anhepatic phase lasting 50 + 3 
min. The average blood loss was 5.6 + 1.0 L, which 
was replaced with whole blood. Four of the patients 
were female, each with PBC. 

The various stages of the procedure were as fol- 
lows. After induction of anesthesia and establishment 
of monitoring, which took about 30 min (A in the 
figures), the surgical procedure began (10). This in- 
volved an initial dissection phase (B in the figures) 
lasting 1-4.5 hr, during which the inferior vena cava 
(IVC) above and below the liver, the portal vein, the 
hepatic artery, and the common bile duct were iso- 
lated. With the cross-clamping of the hepatic artery, 
portal vein, suprahepatic cava (above the hepatic veins 
immediately below the diaphragm), and infrahepatic 
cava, the operation entered the anhepatic phase (C 
in the figures), lasting about 50 min. During this phase 
the recipient’s liver was removed, the donor’s liver 
introduced and the donor and recipient suprahepatic 
cavae anastomosed, followed by the portal vein an- 


astomosis. The new liver was then flushed out with 
500 ml of stored plasma protein solution through the 
portal vein and was allowed to drain via the tempo- 
rarily unclamped infrahepatic cava. The portal vein 
and the suprahepatic cava next were unclamped, al- 
lowing the new liver to be perfused with the patient’s 
blood and ending the anhepatic phase (D in the fig- 
ures). The infrahepatic vena cava and the hepatic ar- 
tery were then anastomosed, and after the release of 
their clamps (D’ in the figures), normal circulation 
was restored. Phase D and D’ together lasted 15-64 
min. Subsequently the gall bladder was anastomosed 
over a period of 30 min (E), followed by skin closure 
(F). At the completion of the operation (G), the patient 
was transported to the intensive care unit. _ 

The patients received an oral benzodiazepine pre- 
medication given 1.5 hr before going to the operating 
suite. The cirrhotic patients received 0.5-1.0 L of fresh 
frozen plasma prior to surgery. At induction, patients 
were given 100-200 ug of fentanyl, followed by 3-5 
mg/kg of thiopental, and 1.5 mg/kg of succinylcholine 
prior to intubation with a soft-cuffed endotracheal 
tube. Anesthesia was maintained with 30-35% oxy- 
gen and 65-70% nitrous oxide throughout the pro- 
cedure and a muscle relaxant, either pancuronium or 
alcuronium. Additional fentanyl and _trichlorethyl- 
ene, up to 0.5%, were added as required for analgesia. 


‘The minute ventilation was acjusted to produce a 


Paco, of 27-34 mm Hg. 

Two 12-gauge intravenous lines were inserted to 
allow for the rapid administration of blood using Fen- 
wal pressure infusion bags maintained at 300 mm Hg 
as previously described (8). Fluid management in- 
cluded 4% dextrose in 0.18% NaCl as a continuous 
intravenous infusion at 100-200 ml/hr ‘and blood 
transfusion to replace measured loss and maintain 
cardiovascular stability. Whole blood containing CPD 
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Figure 1. Changes in heart rate at the various phases during liver 
transplantation. Mean + SEM for nine patients. Phase: A—induc- 
tion, B—dissection, C—anhepatic, D—partial anhepatic, E—gall 
bladder anastomosis, F—-skin closure, G—end of procedure. See 
text for details of A-G. 
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Figure 2. Changes in arterial systolic and diastolic pressure during 
liver transplantation. Mean + SEM for nine patients. **Differences 
from preclamping values statistically significant P < 0.01. 


anticoagulant solution with adenine was used, with 
every fifth to sixth unit transfused being fresh whole 
blood. . 

Cardiovascular function was monitored using an 
electrocardiogram (lead 1) and a radial artery catheter 
inserted by percutaneous puncture to monitor sys- 
temic arterial pressure. A Swan—Ganz type balloon- 
tipped pulmonary artery catheter was inserted via the 
right internal jugular vein under pressure monitoring 
for continuous monitoring of the central venous pres- 
sure (CVP) and pulmonary artery (PA) pressure, as 
well as intermittent measurement of the pulmonary 
wedge pressure (PWP) and cardiac output by thermal 
dilution, using a cardiac output computer. Records 
were made on a strip chart recorder. PWP, CVP, and 
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Figure 3. Changes in pulmonary wedge pressure during liver 


transplantation. Mean + SEM for nine patients. **Differences from 
preclamping values statistically significant P < 0.01, *P < 0.05. 
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Figure 4. Changes in central venous pressure during liver trans- 
plantation. Mean + SEM for nine patients. 


cardiac output readings were taken in the expiratory 
phase of ventilation. Cardiac output determinations 
were obtained during periods of relative cardiovas- 
cular stability because rapid blood loss and transfu- 
sion may interfere with these determinations. An in- 
frared carbon dioxide analyzer was used to monitor 
end-tidal carbon dioxide levels. 

Blood samples were drawn at intervals during the 
various phases of the procedure for measurement of 
serum electrolyte, blood sugar, and blood gas ten- 
sions (11). Toward the end of surgery, blood was also 
drawn for a coagulation screen and hemoglobin levels. 

All data are presented as means + SEM. Data were 
analyzed using an analysis of variance. Values ob- 
tained prior to cross-clamping were used as controls, 
unless otherwise stated. Statistical significance of dif- 
ferences between mean values was determined by the 
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Figure 5. Changes in cardiac index during liver transplantation. 
Mean + SEM for nine patients. **Differences from preclamping 
values statistically significant P < 0.01, *P < 0.05. 
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Figure 6. Changes in pulmonary arterial systolic and diastolic pres- 
sures during liver transplantation. Mean + SEM for nine patients. 
“Differences from preclamping values statistically significant P < 
0.01, *P < 9.05. 


least significant difference method, using a pooled 
estimate of variance derived from the analysis of var- 
iance (12). 


Results 


The hemodynamic findings during liver transplan- 
tation in nine patients are presented in Figures 1-8. 
From induction (A) up to the cross-clamping of the 
IVC (C), the heart rate (Fig. 1), the arterial pressure 
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Figure 7. Changes in systemic vascular resistance during liver 
transplantation. Mean + SEM for nine patients. **Differences from 
preclamping values statistically significant P < 0.01. 
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Figure 8. Changes in pulmonary vascular resistance during liver 
transplantation. Mean + SEM for nine patients. **Differences from 
preclamping values statistically significant P < 0.01, *P < 0.05. 


N 


(Fig. 2), PWP (Fig. 3), and CVP (Fig. 4) were within 
the normal range, although there was a gradual re- 
duction in the PWP from 16.3 + 2.7 to 11.9 + 1.9 
mm Hg and the CVP from 14.1 + 2.2 to 10.8 + 1.4 
mm Hg. The cardiac index (Fig. 5), PA pressure (Fig. 
6), systemic vascular resistance (SVR) (Fig. 7), and 
pulmonary vascular resistance (PVR) (Fig. 8) also re- 
main relatively constant. 

With cross-clamping of the IVC (point C) there was 
an immediate 24% decrease in the systolic arterial 
pressure and a small but not significant decrease in 
diastolic pressure below preclamping values. There 
were corresponding decreases in PWP (42%), CVP 
(26%), cardiac output (48%), and pulmonary artery 
systolic and diastolic pressures (each 36%). The SVR 
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Figure 9. Changes in arterial carbon dioxide tensions during liver 
transplantation. Mean + SEM for nine patients. **Differences from 
preclamping values statistically significant P < 0.01. 
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Figure 10. Changes in end-tidal carbon dioxide tensions during 
liver transplantation. Mean + Sem for nine patients. "Differences 
from preclamping values statistically significant P < 0.01. 


and PVR increased 66% and 44%, respectively, while 
the heart rate increased 17%. 

With the simultaneous unclamping of the supra- 
hepatic vena cava and portal vein (point D) there were 
increases in PWP and CVP to their preclamping lev- 
els, although the arterial pressures still remained de- 
pressed. At this time cardiac output increased slightly 
but still remained 27% below its preclamping value. 
Pulmonary artery systolic and diastolic pressures rose 
to their preclamping values, while SVR and PVR de- 
creased towards control levels. All cardiovascular 
measurements subsequently returned to preclamping 
levels after unclamping of the infrahepatic cava and 
hepatic artery and were maintained at these levels, 
by transfusion of whole blood as necessary until the 
completion of the operation. 

Metabolic changes during liver transplantation are 
shown in Figures 9-14. Patients exhibited a mild de- 
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Figure 11. Changes in arterial plasma hydrogen ion concentrations 
during liver transplantation. Mean + SEM for nine patients. **Dif- 
ferences from preclamping values statistically significant P < 0.01. 
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Figure 12. Changes in base deficit during liver transplantation. 
Mean + SEM for nine patients. **Differences from preclamping 
values statistically significant P < 0.01. 


gree of respiratory alkalosis, with a Paco, ranging 
from 3.5 to 4.5 kPa (27-34 mm Hg) (Fig. 9), which 
remained relatively constant until the anhepatic phase 
(C). During the anhepatic phase there was a 20% de- 
crease in end-tidal CO, (Fig. 10) from 4.3 + 0.4 to 3.4 
+ 0.3% kPa (32 + 3 to 25 + 2 mm Hg) with little 
initial change in Paco. After vascularization of the 
new liver (point D), the end-tidal CO, increased above 
the preclamping level to 4.8 + 0.4 kPa (36 + 3 mm 
Hg) and the Paco; increased to 5.3 + 0.3 kPa (40 + 
2 mm Hg) (Fig. 9). These values gradually returned 
to preclamping levels by the end of operation. Arterial 
oxygenation remained at 17.4 + 2.0 kPa (130 + 15 
mm Hg) throughout the procedure with an inspired 
oxygen concentration of 30-35%. 
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Figure 13. Changes in pulmonary arterial plasma potassium con- 
centrations during liver transplantation. Mean + SEM for nine pa- 
tients. Inset: plasma potassium samples taken from the pulmonary 
artery catheter over 30-sec periods after the release of clamps from 
the portal vein and suprahepatic artery in eight patients. **Differ- 
ences from preclamping values statistically significant P < 0.01, 
*P < 0.05. 


Patient temperatures decreased during the opera- 
tion to 35.6 + 0.4°C prior to cross-clamping of the 
hepatic vessels. There was a further decrease of about 
1°C after the insertion of the cold donor liver that had 
been stored at 0-4°C. The body temperatures grad- 
ually increased to 35.8 + 0.3°C by the end of the 
surgery (results not shown). 

During the course of the surgery there was a grad- 
ual increase in hydrogen ion (H*) concentration (Fig. 
11) and in base deficit (Fig. 12), both of which became 
pronounced during the anhepatic phase (C). With 
revascularization of the new graft plus the reintro- 
duction into the circulation of the blood held below 
the liver (D), there was a further increase in the serum 
H* that later gradually returned towards normal val- 
ues. Changes in base excess mirror these changes in 
H* with the most dramatic alterations occurring at 
the time of unclamping of the suprahepatic vena cava. 

Serum potassium levels remained relatively stable 
throughout the early part of the operation (Fig. 13). 
Although in some patients there was little elevation 
in potassium concentration, in the majority the re- 
vascularization of the new liver and release of the 
suprahepatic clamp (D) was followed by a dramatic 
but transient elevation, as shown in the inset to Figure 
13. Each blood sample was drawn through the PA 
catheter over a period of 30 sec. The highest serum 
level measured was 7.8 mmol/L. After the introduc- 
tion of the new liver into the circulation, there was a 
gradual decrease in potassium levels. 

With the removal of the suprahepatic and portal 
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Figure 14. Changes in blood sugar concentrations during liver 
transplantation. Mean + SEM for nine patients. **Differences from 
preoperative values statistically significant P < 0.01. 


vein clamps, there were dramatic reductions in heart 
rate along with multiple ventricular ectopic beats, el- 
evated T-waves, and reductions in the size of the QRS 
complexes. 

Blood glucose levels were normal in all recipients 
preoperatively (Fig. 14). During the anesthetic, in- 
cluding the anhepatic phase, there was a continual 
increase in glucose levels to a peak of 26.4 + 2.1 
mmol/L, followed by a small decline during the skin 
closure (F). 


Discussion 


The patients having orthotopic hepatic transplanta- 
tion in this study were in poor physical condition, as 
reflected by the operative risk score (9), although those 
with hepatic tumors, patients 5 and 8, were in better 
general condition. The anesthetic technique and du- 
ration of surgery and anhepatic phase, as well as the 
operative blood loss and replacement were all similar 
to those described previously (4,5,8). However, use 
of pulmonary artery catheters allowed more detailed 
analysis of the cardiovascular alterations during this 
procedure, as well as a more detailed assessment of 
the changes in potassium levels occurring during the 
initial perfusion of the new liver. Because of the poor 
condition of most of the liver transplant patients and 
because of the large volumes of blood that can be lost 
and transfused, the use of pulmonary artery catheters 
is beneficial in the monitoring of these patients. In 
the present study the arterial pressures remained in 
the normal range throughout the operation. They were 
maintained primarily by transfusion of whole blood 
to replace surgical losses, which on occasion may be 
very large in this type of surgery, as much as 18 L (7) 
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or more (13). The PWP and CVP started in the high 
normal range in the cirrhotic patients in this study 
because they were given 0.5-1.0 L of fresh frozen 
plasma before surgery in order to supply adequate 
levels of coagulation factors (14). These pressures 
gradually decreased, reflecting blood loss in excess of 
replacement. Pulmonary artery pressures also re- 
mained normal until the inferior vena cava was 
clamped. 

Cardiac output has been shown to be high in pa- 
tients with liver failure, reflecting the presence of vas- 
cular shunts (15,16), Cardiac index was also high in 
the present study in the initial phases of the operation 
with SVR in the lower normal range. 

At the time of cross-clamping of the IVC (point C), 
prior to the removal of the old liver, there was a dra- 
matic decrease in systolic arterial pressure similar to 
that previously reported (5,6). A trial or test clamping 
of the IVC is usually performed; a precipitous fall in 
arterial pressure suggests an inadequate circulating 
blood volume. The patient is then transfused with 
whole blood before proceeding with clamping of the 
IVC. In all the present cases, additional transfusions 
alone were adequate to maintain blood pressure, 
though in the past it has been necessary to use femoral 
artery—vein bypass to maintain adequate circulation 
(17 

Acute obstruction of the IVC is known to cause 
decreases in arterial pressure and cardiac output (18). 
Cross-clamping of the IVC would be expected to com- 
pletely block venous return from below the dia- 
phragm, except for that returning via the azygos sys- 
tem and collateral channels. Clamping of the IVC thus 
would be expected to result in a reduction by half in 
venous return to the heart. In the present study the 
48% decrease in cardiac output with clamping of the 
IVC is in keeping with this prediction and was as- 
sociated with 42 and 27% decreases in PWP and CVP, 
respectively. Because of the dramatic reduction in ve- 
nous return, it would appear that the collateral cir- 
culation in our patients was not substantial. Although 
attempts to augment filling pressures by blood trans- 
fusion improved cardiac output, too rapid a trans- 
fusion rate tended to overload the heart, resulting in 
increased PA pressure and CVP without a corre- 
sponding increase in cardiac output and arterial pres- 
sure. There were compensatory elevations in heart 
rate (15%), SVR (66%), and PVR (44%). This is evi- 
dence of persistent sympathetic nervous system ac- 
tivity reflecting light levels of anesthesia (7). 

As the venous return from below the diaphragm 
was restored (points D and D' in the figures), the 
PWP and CVP returned to preclamping levels. One 
might expect the blood pressure and cardiac output 
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similarly to return to preclamping levels as suggested 
by Scott (18); however, both of these values at first 
remained depressed after the clamps were removed 
(point D), possibly due to the metabolic alterations 
described below. 

Plasma potassium values remained relatively con- 
stant throughout the procedure except for one critical 
period. With the introduction of the new liver into 
the circulation there was often a dramatic, albeit tran- 
sient increase in plasma potassium levels (inset Fig. 
13). Elevated potassium levels caused major altera- 
tions in the cardiogram; commonly elevated T-waves 
and arrhythmias were seen. The source of the potas- 
sium is the new liver, which has been stored in lac- 
tated Ringer's solution at 0-4°C for up to eight hours. 
During this time potassium leaks out of hepatic cells. 
In spite of prior flushings, the newly grafted liver with 
500 ml of plasma protein solution, when the clamps 
were removed from the portal vein and suprahepatic 
cava, cold hyperkalemic blood will flow directly into 
the central circulation. Cardiac arrest has been re- 
ported at this stage (7), and although this did not 
occur in the present study, potassium levels as high 
as 7.8 mmol/L were measured in the pulmonary ar- 
tery. The potassium is likely to be distributed and 
taken up by cells throughout the body with a return 
to normal levels in 10-15 min, as indeed was found 
in the present study. The gradual decrease in serum 
potassium seen after the anhepatic phase is most likely 
an indication of the functioning of the new liver re- 
placing its lost stores of potassium. 

Changes in ionized calcium levels during liver 
transplantation have recently been reported (24). Ion- 
ized calcium levels could not be determined during 
the present study. During periods of rapid transfu- 
sion, when a citrate load was given to the patients, 
and immediately after the anhepatic phase, when po- 
tassium levels were elevated, levels of ionized calcium 
would have been helpful in patient management. 

The causes of the acid-base alterations observed 
in our patients were multifactorial. First, the patients 
were hyperventilated to a mild degree of respiratory 
alkalosis. Second, rapid transfusion of blood contrib- 
utes acid metabolites to the patient and increases the 
base deficit (19). Third, cross-clamping of the IVC 
leads to stagnation of blood below the diaphragm, 
resulting in the conversion to anaerobic tissue me- 
tabolism with the production and release of lactic acid. 
Fourth, the. absence of hepatic function and the ini- 
tially poor function of the newly grafted liver result 
in greatly reduced metabolism of citrate, lactate, and 
other acids. Fifth, the decrease in blood pressure 
commencing with the cross-clamping of the IVC may 
lead to reduced perfusion of tissues above the dia- 
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phragm with consequent hypoxia and production of 
acid. Finally, the low body temperature previously 
noted during liver transplantation (5) would further 
slow hepatic metabolism. The danger of giving too 
much bicarbonate is that the patients may develop 
metabolic alkalosis towards the end of the operation 
and in the postoperative period. We therefore gave 
our patients bicarbonate during the anesthetic only 
when the base deficit exceeded 6-8 mmol/L. The ci- 
trate given with each transfusion would also contrib- 
ute to postoperative alkalosis as the new liver com- 
menced function. 

Depression of cardiovascular function after the ini- 
tial perfusion of the newly grafted liver (point D), in 
spite of the restoration of venous return, probably 
resulted from elevation of serum levels of potassium 
and hydrogen ions and perhaps other vasoactive agents 
released from hypoxic tissues. By point E all measured 
cardiovascular functions had returned to their initial 
values, supporting the view that it was the changes 
in levels of serum, potassium, and hydrogen ions, 
and possibly other substances that were responsible 
for the cardiovascular depression at point D. 

There are complex changes in carbon dioxide (CO3) 
homeostasis during liver transplantation. The pa- 
tients were hyperventilated to a mild degree of al- 
kalosis to provide in advance partial compensation 
for the impending metabolic acidosis. With a decrease 
in body temperature, there will be some decrease in 
the rate of CO; production. Rapid transfusion of blood 
also imposes an increased load of CO, to excrete (19), 
as was often noted on the expired CO, trace. A re- 
duction in pulmonary gas exchange with arterial hy- 
potension (20) may also have occurred in our patients. 
The decrease in end-tidal CO, and the increase in 
arterial—alveolar PCO, gradient that we observed with 
cross-clamping of the IVC (point C) was probably a 
reflection of reduced lung perfusion associated with 
the reduction in cardiac output, resulting both in an 
increased mismatch of ventilation and perfusion, and 
a diminution in systemic venous carbon dioxide trans- 
port to the lungs. As a consequence, a progressive 
buildup of the body’s store of CO, occurred, evident 
at point D, from the increase in arterial CO; tension. 
As normal pulmonary hemodynamics were reinstated 
at D’ and E, an increased pulmonary excretion of 
carbon dioxide was noted, accompanied by a decrease 
in the arterial CO, tension. The unclamping of the 
infrahepatic cava, however, did not appear to cause 
any further increase in carbon dioxide excretion. 

Blood sugar levels are known to rise during general 
anesthesia (21), particularly during infusions of dex- 
trose (22). The capacity for gluconeogenesis in an end- 
stage cirrhotic liver or in a cold, newly transplanted 
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liver presumably will be limited, and during the an- 
hepatic phase hypoglycemia might be anticipated be- 
cause the majority of glucose is normally metabolized 
in the liver. To prevent hypoglycemia, intravenous 
glucose solution was infused throughout the opera- 
tion, with additional glucose being supplied by the 
anticoagulant solution transfused with the blood. The 
average rate of supply of glucose was about 143 
mmol/hr. The steady increase in blood sugar levels 
seen during the operation and in particular during 
the anhepatic period in this (Fig. 14) as in other stud- 
ies (8) is attributable to a failure to utilize the glucose 
supplied and may possibly reflect the inability of the 
body to increase insulin release during general anes- 
thesia (23). During the operative period, no attempt 
was made to treat the elevated glucose levels or to 
limit the glucose load. As with serum potassium lev- 
els, the decrease in blood sugar at the end of the 
operation most likely represented the onset of func- 
tion of the new liver. 
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Anesthesia for Pediatric Orthotopic Liver Transplantation 


Lawrence M. Borland, MD, Marenea Roule, CRNA, and D. Ryan Cook, MD 


BORLAND LM, ROULE M, COOK DR. Anesthesia for 
pediatric orthotopic liver transplantation. Anesth Analg 
1985;64:117~-24. 


The anesthetic management of 68 liver transplantations in 
50 pediatric patients is described. The surgical technique ts 
briefly reviewed. The selection of an anesthetic technique 
was not as important as management of numerous intra- 


The first clinical orthotopic liver transplant was per- 
formed at the University of Colorado in 1963, but until 
recently this procedure remained experimental and 
received little physician support (1). Advances in an- 
esthetic technique and the introduction of more ef- 
fective immunosuppressive agents have, however, 
improved survival rates and stimulated renewed in- 
terest in liver transplantation on the part of the med- 
ical community. Whereas experience in pediatric 
transplantation was once limited by the small number 
of donors and the need for organs of specific size, 
effective organ procurement networks and the pres- 
ence of strong lay support have increased the number 
of available donor organs (2,3). A statement of ‘‘clin- 
ical usefulness” released by the National Institutes of 
Health and a request from the President of the United 
States for organ donation have also heightened public 
awareness of liver transplantation (4,9). 

From May 1981 to June 1983, 50 pediatric patients 
received 68 liver transplants at the Children’s Hospital 
of Pittsburgh. We review our experience and outline 
principles for managing the care of these critically ill 
patients. 


Patient Population 


Sixty-eight liver transplants were performed on 50 
patients. The patients ranged in age from 7 months 
to 17 years. Table 1 and Figure 1 summarize the pa- 
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operative problems. Citrate intoxication secondary to mas- 
sive blood transfusion in the hypothermic anhepatic patient 
is a major problem, as are coagulation deficiencies. Hyper- 
kalemic cardiac arrest, also a significant hazard, produced 
the only intraoperative death. 


Key Words: LIVER—transplantation. ANESTHETIC 
TECHNIQUES—liver transplantation. 


tients’ diagnoses and ages at time of transplantation. 
The population was divided into four groups for the 
analysis of our intraoperative clinical experience. 

In group 1 (the obstructive diseases), congenital 
biliary atresia was the most common disease process 
preceding liver transplantation (22 patients). Byler’s 
syndrome (familial intrahepatic cholestasis with hy- 
percholesterolemia progressing to early childhood cir- 
rhosis) was the reason for transplantation in three 
cases. Alagille’s syndrome or arteriohepatic dysplasia 
with decreased number of bile ducts within the portal 
tracts was the reason in another three cases. In group 
2, terminal liver failure as a result of a-l-antitrypsin 
deficiency dysfunction ZZ genotype accounted for 10 
transplantations. In group 3, failed liver transplants 
accounted for 18 of the transplants performed. The 
number of days from original transplant to repeat 
operation is noted in Table 1. Of this group, 12 pa- 
tients had 2 transplants; 3 patients had 3. Group 4 
includes various metabolic and infectious processes 
that produced hepatic failure. The etiology of hepatic 
failure in the 12 patients in this category ranged from 
neonatal hepatitis to glycogen storage disease type I 
(Table 2). 


Surgical Technique 


Liver transplantation is accomplished through a wide 
bilateral subcostal incision in the recipient with ceph- 
alad extension to the xyphoid. The xyphoid process 
is removed without entering the thorax. The liver is 
then freed up to its vascular pedicle (stage 1). Previous 
intraabdominal surgery (usually the Kasai procedure 
performed on patients with extrahepatic biliary atre- 
sia) contributed to adhesions and subsequent in- 
creases in blood loss and duration of operation. Adhe- 
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Table 1. Patient Population 


Age in months 
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Days from previous 


Weight (kg) liver transplant 


No. mean (range) mean (range) mean (range) 
Obstructive diseases 28 46.9 (12-120) 13.2 (7-19.5) — 
Biliary atresia’ 22 42.1 (12-96) 13.23 (7~-19.5) — 
a-l-antitrypsin deficiency 10 77.4 (30-220) 24.9 (11-66) — 
Failed liver transplant 18 95.6 (18-222) 25.6 (10.8-55) 98.7 (4-700) 
Miscellaneous 12 123.9 (7.5-204) 35.1 (6-79.9) — 


"Subset of obstructive disease group. 


sions are not a problem in patients for repeat liver 
transplantation occurring within 2-4 weeks of the 
original operation. 

The second stage of the surgical procedure is re- 
ferred to as the anhepatic phase. After clamping of 
the suprahepatic inferior vena cava, the infrahepatic 
inferior vena cava, the portal vein, and the hepatic 
artery, the diseased liver is removed. Revasculariza- 
tion of the donor liver proceeds first with the anas- 
tomosis of the suprahepatic inferior vena cava and 
infrahepatic inferior vena cava, although the latter 
anastomosis is not completed at this time. The donor 
liver is then flushed through the portal vein with 
200-300 ml of lactated Ringer’s solution. Drainage is 
from the incomplete infrahepatic inferior vena caval 
anastomosis. This serves to remove the perfusate, 
which is rich in potassium, and to clear the liver vas- 
culature of entrained air. The infrahepatic inferior vena 
cava and portal vein repairs are then completed. 

In the third stage, the circulation of the donor liver 
is reestablished to the recipient. In sequence, clamps 
on the portal vein, the infrahepatic inferior vena cava, 
and the suprahepatic inferior vena cava are released. 
At this time the hepatic artery anastomosis is per- 
formed. After adequate hemostasis is achieved, the 
bile duct is anastomosed. If the patient has a normal 
extrahepatic ductal system, a duct-to-duct anasto- 
mosis with T-tube or indwelling stent is accom- 
plished. If the extrahepatic bile ducts are abnormal, 
a Roux en Y choledochojejunostomy is performed. Fi- 
nally, an intraoperative cholangiogram is performed 
to assess the patency of the biliary drainage system 
(6,7). Congenital variation in the donor or recipient 
vessels occasionally requires departure from the tech- 
nique described above. 


Outcome 


Thirty-three of our 50 patients are alive two weeks to 
two years from transplant. The only intraoperative 
death occurred during an attempted repeat transplant 
in an 8-yr-old girl who arrived in the operating room 


with acute liver rejection, chlostridial ascending chol- 
angitis, and septic shock. Manipulation of the ne- 
crotic liver acutely elevated serum potassium levels 
and produced immediate cardiac arrest unresponsive 
to resuscitative measures. Sixteen additional patients 
died 2-60 days postoperatively. The causes of post- 
operative death include acute liver rejection, throm- 
bosis of the vascular anastomosis, and a variety of 
infectious processes to which immunosuppressed pa- 
tients are susceptible. 


Anesthetic Management 
Preoperative Assessment 


Thirteen of the 68 patients had hemoglobin values 
less than 10 gm/dl. The causes of anemia were varied 
and included nutritional deficiencies, coagulation ab- 
normalities, and upper gastrointestinal bleeding from 
portal hypertension. As expected, coagulation pro- 
files were frequently abnormal. Prothrombin time 
(normal values = 10.8 + 3.0 sec) was abnormal in 35 
patients, partial thromboplastin time (normal value 
= 26-36 sec) was abnormal in 10 and platelet counts 
were abnormal (< 100,000 mJ’) in 17. 

Previous renal tubular injury, acutely inadequate 
renal preload, and hepato—renal syndrome contrib- 
uted to renal dysfunction. Two patients required pre- 
operative peritoneal dialysis. Serum electrolyte dis- 
turbances were infrequent, although serum potassium 
concentrations were occasionally depressed because 
of chronic diuretic therapy. Hypoglycemia (less than 
70 mg/dl) was present in only one patient. 

Preoperative hypoxemia was seen frequently. Some 
patients had a restrictive lung defect (simple lung 
compression) produced by chronic ascites. More sig- 
nificantly, many patients had an increased alveolar- 
arterial oxygen difference as a result of diffuse pul- 
monary arteriovenous shunting. Indeed, cyanosis and 
clubbing were the presenting signs of liver failure in 
several patients. Preexisting right to left shunts en- 
hanced the risk of systemic air embolization during 
the vascular anastomosis (8). Preoperative pulmonary 
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Figure 1. Number of patients vs age in the four patient groups. 


function studies failed to demonstrate either periph- 
eral airway obstruction or early onset emphysema in 
any patient; including those with a-l-antitrypsin de- 
ficiency {personal communication, Etsuro K. Motoy- 
ama, MD, Director of Pulmonary Function Labora- 
tory/CHP). 


Anesthetic and Intraoperative Care 


If preoperative coagulation functions were within an 
acceptable range, patients were premedicated with 
intramuscular atropine (10-20 ug/kg) or scopolamine 
(10 ug/kg)}, morphine sulfate (0.1 mg/kg), and pen- 
tobarbital (3-5 mg/kg). If intramuscular injection was 
contraindicated, atropine (10-30 ug/kg) was given in- 
travenously prior to induction of anesthesia. Before 
induction of anesthesia, a precordial stethoscope, 
electrocardiographic leads, and a blood pressure cuff 
were put in place. 

After induction, additional monitoring included 
placement of rectal and esophageal temperature probes, 
an esophageal stethoscope, and an indwelling urinary 
catheter. Inspiratory and expiratory gases were mon- 
itored with a Perkin-Elmer mass spectrometer. End- 
tidal carbon dioxide and nitrogen were monitored to 
assist in recognizing the occurrence of air emboliza- 
tion. Four intravenous cannulae (all in the upper ex- 
tremities) were then inserted, as well as an arterial 
cannula {usually placed percutaneously in the radial 
artery) and a central venous pressure catheter (via the 
external or internal jugular route, but occasionally via 
the antecubital vein in older children). A flow- 
directed, balloon-tipped pulmonary arterial catheter 
(Swan—Ganz) was placed in 28 patients. All pressures 
were displayed on a four-channel Hewlett-Packard 
monitor. Ample padding of extremities and all pres- 
sure points (including the head) concluded prepara- 
tions prior to the incision. 
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Table 2. Etiology of Liver Failure— 
Miscellaneous Diseases 





zZ 
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Disease 


Wilson's disease 

Chronic active hepatitis 

End stage liver disease etiology? 
Neonatal hepatitis 

Tyrosinemia 

Glycogen storage disease type | 
Biliary cirrhosis 

Sea blue histiocyte syndrome 
Hepatic tumor 


pà pd jed hé et FO G 


Intravenous access had been established in most 
patients either for pretransplant infusion of cyclo- 
sporin-A (9,10) or for ICU management. Intravenous 
induction of anesthesia (in 54 patients) was accom- 
plished with thiopental (3-5 mg/kg). Occasionally, ke- 
tamine (1-2 mg/kg), fentanyl, or morphine was used 
for both induction and maintenance. Inhalation in- 
duction was performed in 12 cases. Four patients ar- 
rived in the operating room with an endotracheal tube 
in place. Intramuscular ketamine (5-7 mg/kg) was given 
as the induction agent in two patients. 

If the patient had a full stomach, preoxygenation 
preceded intubation utilizing the Sellick maneuver after 
intravenous thiopental (3-5 mg/kg) or occasionally ke- 
tamine (1-2 mg/kg) and succinylcholine (1 mg/kg). 
Oral tracheal intubation was performed in 50 patients 
and nasal intubation in 18. Because the duration of 
surgery and the cardiovascular status of these patients 
varied greatly, a number of anesthetic agents was 
used for maintenance of anesthesia. Halothane was 
used for both induction and maintenance in nine cases 
but in only one patient after revascularization of the 
donor liver. Isoflurane was utilized in the remaining 
37 cases in which an inhalation agent was used and 
was frequently added to a balanced anesthetic tech- 
nique for control of systemic arterial hypertension. 
Nitrous oxide—narcotic~muscle relaxant was used in 
59 cases, fentanyl in 44, morphine in 13, and meper- 
idine in 2. Pancuronium was the nondepolarizing 
neuromuscular relaxant of choice in 62 cases; meto- 
curine was used in 6. 

Intraoperative laboratory measurements fell into two 
categories: “stat” (immediate) and “as soon as pos- 
sible.” Arterial blood gas tensions and pH, hemoglo- 
bin, hematocrit, colloid osmotic pressure and serum 
levels of sodium, potassium, and ionized calcium were 
measured in the anesthesia—intensive care laboratory 
within 10 min. Serum levels of chloride, total calcium, 
creatinine, glucose, complete blood count, prothrom- 
bin, and partial thromboplastin times were obtainable 
within 1 hr from the central laboratories. When the 
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clinical situation required immediate estimation of 
serum glucose, Dextrostix analysis of whole blood 
was used in the operating room suite. 


Observations and Discussion 


Unlike the vast majority of pediatric surgical patients, 
children receiving orthotopic liver transplants char- 
acteristically suffer from multisystem disorders that 
provide a number of medical challenges. Equally im- 
portant, however, is the necessity for handling logis- 
tical problems by advance planning. Coordination of 
patient transport, operating room, and surgical and 
anesthetic teams is essential. Establishment of a clear 
and consistent chain of communication and respon- 
sibility must precede the actual surgery. Timing of the 
surgical incision must await notification of donor liver 
acceptability, because donor organ viability from the 
time of harvesting to the time of revascularization is 
8 hr. The duration of this type of surgery frequently 
disrupts the operating room schedule for elective cases. 
The ability to provide anesthetic and operating room 
personnel for liver transplantation without compro- 
mising the delivery of care for other urgent surgery 
patients must be assured before initiation of a liver 
transplant program. Simultaneous donor and recipi- 
ent surgery clearly strained our capability to provide 
additional emergency care. 

The requirements for additional personnel do not 
stop with the operating room; the increased demands 
on laboratory and blood bank personnel must also be 
anticipated. A runner responsible solely for the trans- 
port of specimens and blood products is indispen- 
sable. The impact of long-term use of regular and 
critical care hospital beds must be considered. The 
immediate postoperative stay in the intensive care 
unit varied from 2 days to more than 30 days (mean, 
6.5 days). The average hospital stay was 59 days. 
Lastly, the effect of fatigue (average procedure time, 
655 min; maximum time, 1170 min) on the medical 
and paramedical personnel and, therefore, on patient 
care must also be borne in mind. 

Early in this series, nitrous oxide—fentanyl— 
pancuronium was the most frequently chosen anes- 
thetic technique. Hemodilution secondary to massive 
bleeding and transfusion increased the required dose 
of intravenous narcotic agents. Nitrous oxide was 
usually discontinued during the antihepatic phase of 
surgery because of bowel distension and the risk of 
air embolization. Fortunately, patient awareness as a 
result of discontinuing nitrous oxide and the washout 
of intravenous anesthetic agents was an unrealized 
concern. More recently, isoflurane anesthesia (with 
or without nitrous oxide) has been used. 


BORLAND ET AL. 


Despite possible disturbances in pseudocholines- 
terase production (11), prolongation of the action of 
succinylcholine was not a clinical problem because of 
the duration of surgery and the dilutional effect of 
multiple blood volume exchanges. Because hepatic 
and renal routes of pancuronium elimination were 
also frequently impaired, clinically significant prolon- 
gation of neuromuscular blockade was observed (i.e., 
the time between maintenance doses was prolonged). 
This abnormality lessened after revascularization of 
the donor liver. Neuromuscular monitoring, includ- 
ing train-of-four measurement, for accurate titration 
of nondepolarizing agents was extremely useful. Vir- 
tually all patients were making spontaneous respi- 
ratory efforts on arrival in the pediatric intensive care 
unit. 

The extent of hypoxemia secondary to parenchy- 
mal disease or pulmonary arteriovenous shunting 
should be assessed preoperatively. Multiple infradia- 
phragmatic vascular anastomoses and preexisting 
pulmonary arteriovenous shunting make systemic air 
(or particulate) emboli a serious possibility (8,12). When 
tolerated by the patient, PEEP 5-cm H,O was utilized 
to increase intrathoracic pressure to minimize the pos- 
sibility of air embolus. In an attempt to limit baro- 
trauma and to produce a quiet surgical field, high- 
frequency jet ventilation (HFJV) was used in three 
patients. One patient experienced profound massive 
systemic air embolization during HFJV. The contri- 
bution of HFJV to this intraoperative catastrophe was 
not determined. Although this patient recovered al- 
most completely from the neurologic injury sus- 
tained, use of HFJV has been terminated. In spite of 
abdominal compression and fluid imbalance (which 
led to massive pulmonary edema on two occasions), 
PaO. and Paco, were maintained in the normal range 
utilizing conventional ventilation with an inspired ox- 
ygen concentration less than 50%. Hypercarbia un- 
responsive to conventional ventilation occurred only 
once. 

Preservation of intravascular volume and myo- 
cardial stability was one of the greatest challenges in 
these patients. Systemic arteriovenous shunting im- 
proved intravenous access. All catheters were placed 
in the upper extremities or neck. While all initial in- 
travenous solutions were crystalloid, correction of ab- 
normal coagulation (13,14) (determined by hourly 
measurement of prothrombin and partial thrombo- 
plastin times) often required fresh frozen plasma, 1 
ml for each ml of packed red blood cells. Preexisting 
or dilutional thrombocytopenia mandated hourly 
measurements of platelet counts; transfusion of plate- 
lets was almost always necessary (15-17). Only one 
of the four intravenous infusions consisted of glucose 
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Figure 2. Number of patients vs number of blood volumes lost (4 
patient groups). 


as 5% dextrose in lactated Ringer’s solution or 0.2% 
normal saline. Careful titration of infused crystalloid 
and colloid (fresh frozen plasma) solutions, facilitated 
by measurements of colloid osmotic pressure, central 
venous pressure (CVP), or pulmonary artery wedge 
pressure (PAWP), helped decrease the incidence of 
intraoperative pulmonary edema. A cell saver device 
should be used only if salvaged units of blood are 
spun to a hematocrit of 70-80%. Unfortunately, we 
found that the salvaged blood was frequently con- 
taminated with non-blood products and, therefore, 
could not be reinfused. Veno—venous bypass was used 
during surgery in 4 patients in an attempt to minimize 
blood loss; the perfusion device also served as a rapid 
infusion pump. Difficulty in reversing heparinization 
forced the elimination of this approach. New heparin- 
bonded perfusion systems have not been tried. 

Blood loss was highest in patients with biliary atre- 
sia (mean, 5.4 blood volumes (range 0.6—25) Fig. 2). 
Adhesions from previous surgery increased both the 
operating time and the blood loss during the first 
stage of surgery. Blood loss during this period was 
not predictive of subsequent loss. The mean blood 
loss for all 68 cases was 3.95 blood volumes (range 
0.5-25) (Fig. 3). Blood loss is given in blood volumes 
instead of ml replaced to allow comparison among 
patients with a wide range of body sizes. Estimated 
blood loss ranged from 370 to 30,000 ml. 

In contrast to early reports from the University of 
Colorado (18) intraoperative hypoglycemia has been 
infrequent. Only two patients had serum glucose lev- 
els less than 90 mg/dl but both were more than 65 
mg/d]. Transfusion of packed red cells (containing 0.5 
gm glucose/unit) invariably increaséd serum glucose 
levels, even when we limited or eliminated glucose- 
containing crystalloid products. Just before removal 
of the diseased liver, the mean serum glucose level 
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Figure 3. Number of patients vs number of blood volumes lost 
(n = 68, all patients). 


was 274 + 129 mg/dl and increased to 383 + 165 mg/dl 
1 hr after revascularization of the donor liver (Fig. 4). 
This hyperglycemia was refractory to treatment by 
bolus injection of regular insulin (0.1 unit/kg) during 
the anhepatic phase. Although hyperosmolarity has 
been reported to cause central nervous system injury 
(19), elevated serum glucose levels did not produce 
undesired sequelae in this series. Because the liver is 
the major site of action of insulin, this refractoriness 
is not surprising. After revascularization of the liver 
was complete, serum glucose levels decreased spon- 
taneously as the new liver began to metabolize glu- 
cose. Insulin appeared effective at this time although 
it was used infrequently. 

Elevated serum glucose levels sometimes produce 
an osmotic diuresis. This increased urine output must 
not be mistaken as an indication of adequate intra- 
vascular volume. Despite adequate intravascular vol- 
ume (renal preload), administration of furosemide or 
dopamine (5 wg/kg/min), and the elevated serum glu- 
cose levels, oliguria and anuria occurred nevertheless 
in 28 cases. During the first stage of surgery, hepa- 
torenal syndrome was assumed to be the cause of 
decreased urine output (20). Virtually all patients were 
anuric or profoundly oliguric during the anhepatic 
phase. When the inferior vena cava was cross-clamped, 
the arterio-venous pressure gradient across the kid- 
ney decreased. This clearly affected renal blood flow. 
After revascularization of the liver and decompression 
of the vena cava, urine output usually increased mark- 
edly. This may have been a result of the return of 
normal renal blood flow or the resolution of the hep- 
atorenal syndrome. 

Hypotension occurred because of several factors: 
inadequate fluid replacement in response to massive 
and rapid blood loss; cardiac dysfunction secondary 
to decreased concentration of ionized calcium (pre- 
sumably as result of increased citrate concentration 
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Figure 4. Serum glucose vs time, n = 42, mean and SD are rep- 
resented. The shaded area represents the anhepatic period. 


after massive transfusion with packed red cells); 
preexisting myocardial disease; surgical manipula- 
tions that disturbed preload, e.g., occlusion of the 
inferior vena cava during the anhepatic phase; and 
life-threatening arrhythmias. 

Unique cardiovascular changes occur during the 
vascular clamping and reanastomosis. The clamping 
of the infrahepatic inferior vena cava at the onset of 
the anhepatic stage produces a precipitous decrease 
in preload to the heart (21). Collateral circulation sec- 
ondary to portal hypertension modulates this de- 
crease in preload from the infradiaphragmatic portion 
of the body. During revascularization of the liver, the 
infrahepatic inferior vena cava is opened first. The 
intravascular bed enlarges to include the donor liver 
(22), but volume preloading prevents a resultant de- 
crease in systolic arterial pressure. Next, the supra- 
hepatic inferior vena cava is opened. A transient (5-10 
min) decrease (30-50 torr) in the systolic and diastolic 
arterial pressures often occurs at this time, despite 
volume preloading. Venous stasis in the lower ex- 
tremities and the bowel occurs as a result of inferior 
vena caval occlusion. Myocardial contractility, fur- 
thermore, may have decreased as a result of the bolus 
infusion of acidotic blood. The mean pH decrease was 
0.15. A transient increase in serum potassium may 
have produced systemic vasodilation. In our series, 
the mean increase in potassium was 1 mEq/L. Never- 
theless, hypotension was observed even when pH 
and serum potassium remained stable. We are cur- 
rently investigating the contribution of kallikrein-like 
substances to this hypotension. Crystalloid or colloid 
infusion, a bolus of calcium chloride (15 mg/kg), and 
brief administration of dopamine (10-15 ugkg` min ~') 
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were required to return systemic blood pressure to- 
ward values measured before the cross-clamp release. 

The range of serum potassium levels during the 
intraoperative period was wide (1.5-11.0 mEq/L). Acute 
hyperkalemia at the release of the vascular cross clamp 
was a major problem. Cardiac arrest secondary to 
“potassium cardioplegia” from the donor liver oc- 
curred in three patients. Cardiac compression and 
pharmacologic therapy (i.e., sodium bicarbonate, cal- 
cium chloride, glucose, and regular insulin) were ef- 
fective in lowering serum potassium levels and in 
restoring normal rhythm and systolic arterial blood 
pressure. At the time of surgical removal from the 
donor, the liver is infused with cold lactated Ringer’s 
solution; it is not perfused during transport. Signifi- 
cant extracellular shift of potassium occurs. Washout 
of the liver infusate before completion of the infra- 
hepatic inferior vena cava anastomosis is, therefore, 
mandatory. During the revascularization period, up- 
take of potassium by the donor liver and intracellular 
shift of potassium secondary to metabolic alkalosis 
contributed to hypokalemia. Supplemental potassium 
therapy may be required at this time (23-25). 

Sodium imbalance has been described as a common 
occurrence during liver transplantation (18). In six 
cases in our series, hyponatremia (Na* < 130 mEq/L) 
was noted during part of the surgical procedure; hy- 
ponatremia had been present preoperatively in all six 
cases. One patient remained hyponatremic during the 
entire procedure. Hypernatremia (Na* > 150 mEq/L) 
occurred in three patients. Administration of sodium 
bicarbonate during cardiopulmonary resuscitation 
contributed to the hypernatremia in one instance. The 
etiology of the hypernatremia was not determined in 
the other two patients. 

Preoperative acid-base balance as reflected by base 
excess varied widely among patients. Figure 5 de- 
scribes the change in base excess over the operative 
course. All patients exhibited increasing metabolic ac- 
idosis until the beginning of revascularization (23). In 
an attempt to avoid late onset metabolic alkalosis, the 
administration of sodium bicarbonate was minimized 
in all cases; 34 patients received no sodium bicarbon- 
ate intraoperatively. Nevertheless, severe postoper- 
ative metabolic alkalosis developed because of the me- 
tabolism of exogenous citrate to bicarbonate and the 
loss of chloride from the use of furosemide. Lactate 
in crystalloid solutions is metabolized to bicarbonate 
and may also contribute to the development of met- 
abolic alkalosis. Moderate metabolic alkalosis (base 
excess +5 to +10) was present in all patients 
undergoing repeat liver transplantation within 2—4 
weeks of the initial procedure. Normal saline (0.9%) 


in” 


ANESTHESIA FOR LIVER TRANSPLANTATION 


l2 ries OUT 
[0 


BASE EXCESS 
l 
Y O 
{ 





| 2 3.4 5 6 7 8 9 10 Il i2 13 14 
TIME (hrs) 


Figure 5. Base excess vs time, n = 42, mean and SD are represented. 
The shaded area represents the anhepatic period. 


may be a more appropriate solution for this procedure. 

Unintentional hypothermia (esophageal tempera- 
ture < 35.5°C) was a problem in 58 cases. This has 
been reported previously (26). A warming blanket, 
heated humidifier, and a head wrap were used in an 
effort to conserve body heat. All blood products and 
crystalloid solutions were warmed. Requests that the 
surgeons wrap the bowel with warm surgical sponges, 
use a laparotomy bag, and warm irrigating solutions 
frequently went unheeded. Figure 6 demonstrates the 
trend in esophageal temperature. 

Reports of citrate intoxication secondary to massive 
blood transfusion note that the resulting myocardial 
dysfunction is transient unless hypothermia or he- 
patic disease is present (27-30). Both occurred in all 
of our cases. Measurement of ionized calcium is im- 
perative for optimal management of the cardiovas- 
cular function during liver transplantation. Rapid de- 
termination of ionized calcium levels was available in 
21 cases (late in the series). During or immediately 
after periods of rapid blood transfusion and in spite 
of adequate preload (determined CVP, PAWP, or both), 
systemic hypotension often occurred. A 500-ml unit 
of whole blood contains 1.656 g hydrated trisodium 
citrate prior to further processing; the amount of ci- 
trate'in a unit of packed red cells is variable. The 
volume and rate of transfusion correlated with de- 
creased levels of ionized calcium. Total calcium levels 
did not correlate with serum ionized calcium. Forty- 
six patients were given supplemental calcium chloride 
(15 mg/kg in repeated doses); several patients re- 
ceived continuous calcium chloride infusion intrave- 
nously. Calcium gluconate is not recommended, be- 
cause the liver is required for its metabolism. 
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Figure 6. Esophageal temperature vs time, n = 36, mean and sD 
are represented. The shaded area represents the anhepatic period. 


Because of the possibility of preexisting myocardial 
disease, profound metabolic derangements (espe- 
cially decreased ionized calcium) that might affect car- 
diac output, and the requirement for massive fluid 
infusion, the insertion of a pulmonary arterial catheter 
would seem to be desirable. We used pulmonary ar- 
terial catheters in the 28 cases in which they could be 
placed successfully. However, CVP and PAWP mea- 
surements rarely revealed right-—left heart dissocia- 
tion, nor were PAWP measurements necessary for 
clinical management during the immediate postop- 
erative period (postoperative days 1-3). During the 
vascular anastomosis, surgical compression of the 
diaphragm and heart produced marked variation in 
both CVP and PAWP measurements. Monitoring of 
the intravascular volume status with either CVP or 
PAWP during this period was clinically unsatisfac- 
tory. Measurement of cardiac output and calculated 
systemic vascular resistance may prove useful in the 
rational management of hypotension that occurs after 
revascularization. 

Abdominal closure was impossible in one patient 
because of gut distention and the large size of the 
donor liver. During attempts at closure, ventilation 
was grossly inadequate despite airway pressures ex- 
ceeding 50 cm H20. Temporary closure was ulti- 
mately accomplished with a silastic silo similar to that 
used in the repair of a large omphalocele. Infrequent 
problems included one case each of phrenic nerve 
injury, recurrent laryngeal nerve injury, massive sys- 
temic air embolization, and pneumothorax; massive 
subcutaneous blood infusion occurred in two cases. 

In summary, the intraoperative problems encoun- 
tered during 68 pediatric liver transplant operations 
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were metabolic (biochemical) and hemodynamic in 
nature. Intraoperative hypoglycemia was not a prob- 
lem in this series. Cardiovascular changes were dif- 
ficult to manage before and after the anhepatic phase, 
and hyperkalemic cardiac arrest at the time of revas- 
cularization remains a major risk. Unintentional hy- 
pothermia and decreased ionized calcium levels con- 
tributed to the instability of cardiac rhythm and 
contractility. Whereas there was a difference in the 
number of blood volumes lost with each diagnostic 
category of patients, individual patient variation was 
great. Massive blood loss was the rule in all cases. In 
spite of significant preoperative coagulation factor def- 
icits, the intraoperative anhepatic period, and massive 
blood losses, hemostasis was achieved with infusion 
of fresh frozen plasma and platelets as indicated by 
prothrombin and partial thromboplastin measure- 
ments and platelet counts. 


The members of the Department of Anesthesiology of the Chil- 
dren's Hospital of Pittsburgh labored many long hours in the care 
of these patients. This review exists because of their dedication 
and skill. 
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Hemodynamic Responses in Brain Dead Organ Donor Patients 
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WETZEL RC, SETZER N, STIFF JL, ROGERS MC, 
Hemodynamic responses in brain dead organ donor 
patients. Anesth Analg 1985;64:125-8. 


Because we have noticed dramatic hemodynamic responses 
in brain dead patients undergoing surgery for organ do- 
nation, we analyzed the anesthetic records of cadaver organ 
donors. Ten records contain complete data for heart rate, 
blood pressure, central venous pressure, and time of inci- 
sion. Systolic pressure increased by a mean of 31 torr (P < 


There still remains an uneasiness about the provision 
of meticulous care to a human being who may be 
physiologically stable but legally dead, and this is 
enhanced by the fact that sophisticated medical care 
is suddenly and irrevocably withdrawn once organs 
are harvested from such patients. Furthermore, the 
declaration of brain death is commonly thought to 
imply that the patient has become totally unrespon- 
sive to all stimuli. It has been our experience that 
certain hemodynamic responses occur in cadaver do- 
nors that superficially mimic the responses of live 
patients and can cause concern as to whether or not 
these patients are indeed suitable organ donors. There 
may also remain a need for cautious hemodynamic 
management to preserve the function of the donated 
organs. This report highlights these points by docu- 
menting significant hemodynamic responses to pain- 
ful stimuli in cadaver organ donors. 


Case Report 


A 33-yr-old man suffered a massive subarachnoid 
hemorrhage 36 hr prior to operation for donation of 
heart and kidneys. He had no significant past medical 
history, no previous operations, and no medical ill- 
nesses. On admission to the hospital, he was unre- 
sponsive, with fixed, dilated pupils and absent cranial 
nerve reflexes. Mechanical ventilation was instituted 
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0.01), diastolic pressure by 16 torr (P < 0.02), and heart 
rate by 23 beats/min (P < 0.01) in response to surgical 
stimulation. These results demonstrate the occurrence of 
significant hemodynamic responses to surgical stimuli in 
patients who fulfill the criteria of brain death, responses that 
do not, however, invalidate the current criteria for the di- 
agnosis of brain death. 


Key Words: SURGERY—transplantation. BRAIN— 
organ donor functions. 


with fluid restriction. The patient subsequently de- 
veloped diabetes insipidus, which required large vol- 
ume infusion and continuous intravenous vasopres- 
sin. Despite vigorous therapy, the patient was declared 
brain dead by the criteria defined by the Medical Board 
of The Johns Hopkins Hospital. These criteria are 
compatible with those reported from other centers 
(1-5). His family consented to organ donation and 
the decision was made to use the patient’s heart and 
kidneys for transplantation to nonrelated living 
recipients. 

The patient was brought to the operating room 
while receiving vasopressin and volume replacement 
for urine loss resulting from diabetes insipidus. He 
was being mechanically ventilated with 100% oxygen. 
At the time of admission to the operating room, the 
blood pressure was 90/50 torr, with a pulse of 90 
beats/min and a central venous pressure (CVP) of 8 
torr. Hematocrit was 38% and the serum electrolyte 
levels were normal. Fluid replacement and vasopres- 
sin were discontinued 10 min before incision. The 
patient was receiving no pressor agents. Immediately 
prior to abdominal incision, the blood pressure was 
90/50 torr, the CVP was 8 torr, and the heart rate was 
90 beats/min. As can be seen in Figure 1, within sec- 
onds of incision, the blood pressure increased to 120/70 
torr, while the CVP remained unchanged, and the 
pulse increased to 104 beats/min. Within 3 min after 
incision, the blood pressure had increased to 150/75 
torr and the pulse to 112 beats/min; the CVP remained 
unchanged. Over the next several minutes, the pulse 
continued to increase to 118 beats/min, the CVF de- 
creased to 5 torr, and the blood pressure eventually 
reached a peak of 180/90 torr. During this time, there 
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Figure 1. Arterial pressure response to abdominal incision in case 
reported in text. Arterial pressure is on the ordinate and time on 
the abscissa. Heart rate per minute and central venous pressure 
(CVP, torr) is shown at the top. Increases in heart rate and a de- 
crease in CVP accompanied the increase in blood pressure that 
started immediately after incision. At 11 min, 2% enflurane was 
begun as an anesthetic agent. 


were no pupillary responses, no respiratory effort, no 
movement, and no diaphoresis. No anesthetic agents 
were administered before this pressor response. No 
ECG changes were noticed and end-tidal CO, was 
constant at 35 torr. 


Chart Review 


The records of additional patients who were cadaver 
organ donors over the past 36 months were reviewed 
to determine whether heart rate and blood pressure 
responses to surgical stimuli occurred in these do- 
nors. Nine records were obtained with complete data 
for incision times, drug and fluid administration, pulse, 
and systolic and diastolic blood pressure responses 
in response to surgical stimulation. All patients se- 
lected as cadaver donors had met the hospital's cri- 
teria for brain death. In two of these patients (aged 2 
and 3 yr), brainstem auditory and somatosensory 
evoked responses were recorded before the declara- 
tion of brain death as part of their neurological eval- 
uation. Intraoperative care was designed to assure 
that organ perfusion was maintained. All patients were 
maintained on 100% inspired oxygen. Four patients 
received phenoxybenzamine before incision as part 
of the kidney harvesting protocol. Systolic and dia- 
stolic blood pressures and pulse rates were recorded 
before incision and during surgery, and the maximal 
responses and the time at which they occurred were 
noted. The data obtained from the chart review and 
the case report were analyzed together by paired Stu- 
dent's t-test. 


Results 


All patients (N = 10) showed dramatic increases in 
systolic and diastolic blood pressures as well as in 
heart rate after incision (Table 1). Elevations above 
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Table 1. Pulse and Blood Pressure Changes in the 10 
Organ Donors 


Blood pressure 


Systolic Diastolic Heart rate 
(torr) (torr) (beats/min) 
Before incision 100 58 104 
(+ SD) (24) (18) (28) 
Maximal 13] 74 127 
(+SD) (23) (16) (24) 
Change 
Mean 31 16 23 
Range 10-70 0—40 0-50 
P value 0.002 0.019 0.002 


baseline occurred within the first minute after incision 
and maximum responses were seen between 5 and 
20 min. These peak changes in pressure and heart 
rate were reached before aortic cross clamping or the 
occurrence of any other surgical procedure that could 
be expected to mechanically elevate blood pressure 
or cause an increased heart rate. In those patients who 
required pressor administration to maintain blood 
pressure before surgery, the increase in pressure was 
not related to a change in rate or type of drug ad- 
ministered. In fact, in all cases it was possible to de- 
crease or discontinue pressor support in response to 
the elevated blood pressure produced by surgical 
stimulation. The average intravascular fluid admin- 
istration after arrival in the operating room was 350 
+ 270 (sp) ml/hr and urine output was 205 + 175 (sD) 
ml/hr. Changes in pulse and blood pressure were not 
temporally related to fluid administration. All of the 
donors’ blood pressures returned to baseline within 
25 min of incision. 

In two patients the brainstem auditory evoked re- 
sponse to click stimuli showed only one wave uni- 
laterally in one patient, although all other records 
were isoelectric. This wave represents peripheral au- 
ditory nerve activity. After median nerve stimulation 
in these two patients, cortical evoked responses were 
totally absent, but in both patients a single wave with 
a mean latency of 9 msec was recorded by an electrode 
over the second cervical vertebrae (C2). This wave is 
thought to represent upper spinal cord or lower med- 
ullary electrical activity (6,7). 


Discussion 


This case report and review of the operative records 
from nine cadaver organ donors demonstrate that 
significant hemodynamic responses to cperative stim- 
uli occur in patients who have fulfilled the commonly 
accepted criteria for the diagnoses of brain death. While 


HEMODYNAMIC RESPONSES IN CADAVER DONORS 


this observation may, on reflection, not be surprising, 
the circumstances under which these responses are 
noted may not allow for reflection. These hemody- 
namic changes many frequently produce uneasiness 
in the medical and nursing staff. There are, however, 
physiologic reasons that may explain these responses. 

In normal patients, pressor responses to painful 
stimuli are mediated through ascending afferent fast 
and slow pain fibers that pass via the anterolateral 
spinothalamic tracts to the thalamic nuclei and thence 
through radiations to the somatosensory cortex (8,9). 
Relays to the hypothalamus, where sympathetic func- 
tion is integrated, arise at several levels including the 
thalamus and cortex (10). Descending pathways in- 
clude the vasomotor center in the medulla that, via 
the sympathetic nervous system, sends efferents to 
the thoracolumbar sympathetic ganglia. Peripheral af- 
ferents to the vasomotor center also arise from the 
baroreceptors and chemoreceptors; these, too, require 
an intact brainstem to give rise to integrated responses 
(8,10). 

Although the pressor response to nociceptive stim- 
uli is well known and involves brainstem function, 
there may be other explanations for a pressor re- 
sponse to surgical stimuli that do not involve brain- 
stem function. A clear example is seen in patients who 
have a high total transection of the spinal cord. These 
quadriplegic patients have a “mass reflex,” including 
systemic hypertension, in response to a variety of 
noxious stimuli (11,12). The existence of peripheral or 
spinal vasoconstrictor responses may explain the oc- 
currence of a sympathetic reflex to noxious stimuli in 
this setting and may involve intact spinal reflex arcs 
between pain and sympathetically mediated efferents 
(12). Other potential mechanisms of a hypertensive 
response to noxious stimuli may include humoral re- 
sponses such as adrenal medullary stimulation by re- 
flex spinal arc (10,13). The occurrence of the pressor 
response to pain within days after injuries is not, 
however, characteristic of the mass reflex. 

There are, of course, other potential pharmacologic 
and physiologic explanations that may partially ex- 
plain the increased blood pressures seen in the brain 
dead patients reported here. For example, increased 
intravascular volume could explain an increased blood 
pressure; however, in the patient studied prospec- 
tively with continual recordings of arterial and central 
venous pressures, it is quite clear that the response 
immediately followed incision (Fig. 1) and is not ac- 
companied by an increased central venous pressure. 
Furthermore, fluid administration was either discon- 
tinued or not altered in the patients reported here. In 
addition, the occurrence of a pressor response with 
an increased heart rate leads us to believe that this 
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response, which occurred in all patients, was not due 
to increased intravascular volume. 

Identifying responses in brain dead patients that 
are not routinely assessed, but which potentially may 
indicate partial brainstem function, as in this report, 
presents a perplexing problem. The rigid criteria for 
the declaration of brain death have traditionally been 
taken to imply total cessation of all central neuronal 
function (1-4). However, it has been asserted that 
brainstem death is the crucial element in the diagnosis 
of brain death (5,14,15). It is, however, not the pur- 
pose of the current criteria for the diagnosis of brain- 
stem death to identify total cessation of function of 
all brainstem neurons, but rather to define the degree 
of loss of function at which irreversible brainstem 
damage has occurred, and from which brain death is 
inevitable (1-5,14,15). Mohendas and Chou (14) stated, 
“What we are attempting to define and establish be- 
yond reasonable doubt is the state of irreversible dam- 
age to the brainstem. It is the point of no return.” 
This concept of brainstem death has been further ex- 
panded upon (1-5,14,15). The current criteria for the 
diagnosis of brain death include absent bulbar reflexes 
and no apparent central regulation of respiratory 
function; all conceivable brainstem and medullary re- 
flexes are not considered in the determination of brain 
death. The recognition of partial brainstem function, 
other than that currently identified by the clinical brain 
death criteria, may be expected as increasingly so- 
phisticated technology is used to examine brainstem 
function. 

In two of our patients, cortical evoked responses 
were obtained. The short latency somatosensory re- 
sponses demonstrated a single wave with a mean 
latency of 9 msec recorded over C2 in both patients. 
This response has been considered consistent with 
the diagnosis of brain death (6,7). Although the origin 
of this electrophysiologic finding is not clear, it may 
potentially arise near the cervicomedullary junction 
and, therefore, may indicate some residual lower 
medullary function (16,17). The presence of this wave 
may indicate at least partial brainstem function in our 
two patients who were clinically brain dead and who 
showed a pressor response to surgical stimuli. 

Whatever the underlying mechanism of the hemo- 
dynamic responses in patients who have been de- 
clared brain dead, their occurrence appears to be com- 
mon during donor organ harvesting and can be 
expected to occur in response to other noxious stim- 
uli. Although these responses may suggest partial 
lower medullary function, the medical personnel car- 
ing for the donor should be reassured that such a 
response does not invalidate the diagnosis of brain 
death. 
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The purpose of these experiments was to anaiyze the cere- 
brovascular and cerebral metabolic effects of midazolam, a 
short-acting water-soluble benzodiazepine, and to investi- 
gate its interaction with alcohol in rats. A benzodiazepine 
antagonist, 3-carbo-t-butoxy-B-carboline (B-CCT), was used 
to test the role of the benzodiazepine receptor in midazolam— 
alcohol effects. Experiments were carried out under 70% 
NO, 30% O 2 anesthesia. Rats were tested with iniraper- 
itoneal injections of 0.75—5 mg/g ethanol, intravenous in- 
fusions of 0.57, 5.75 mg/kg midazolam, and 1.15 mg/kg 
B-CCT separately and in combination. Cortical cerebral blood 
flow (CBF) was measured with radioacttve microspheres, 
and cerebral oxygen consumption (CMRO,) was determined 
from cortical CBF and arterial—sagittal sinus blood samples 
20 min after ethanol treatment and/or after a i5-min drug 


In clinical use, benzodiazepines produce sedation 
and muscle relaxation, and have anxiolytic and anti- 
convulsant properties. Their interaction with alcohol 
that produces enhanced cerebral depression is well 
known, but has not been characterized physiologi- 
cally or on a molecular level. High-affinity stereospe- 
cific benzodiazepine receptors have been identified in 
brain tissue that mediate the pharmacologic effects of 
benzodiazepines (1,2). Burch and Ticku (3) indicate 
that ethanol enhances benzodiazepine binding. An 
increase in (H*)—diazepam binding was observed with 
ethanol concentrations ranging from 10 to 100 mM. 
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infusion. Alcohol alone produced dose-related increases in 
plasma ethanol concentrations but no depression in CMRo, 
except at the highest dose (5 mg/g). Midazolam infusions 
alone decreased cortical CBF and CMRo, 35-40%, while 
2.5 mglg alcohol (which did not depress CMRo, alone) 
combined with midazolam produced a 70% depression of 
cortical CBF and metabolism. An infusion of B-CCT given 
alone increased CMRO, alone and reversed the depression 
in both cortical CBF and CMRo, produced by midazolam 
plus alcohol. These results indicate that the ability of alcohol 
to potentiate benzodtazepine-induced sedation is not simply 
an additive effect but may be related to the facilitation by 
alcohol of benzodiazepine receptor binding. The fact that B- 
CCT reversed midazolam—ethanol-induced depression sug- 
gests that the effect may be mediated through the benzodi- 
azepine receptor. 


Key Words: HYPNOTICS—BENZODIAZEPINES, mid- 
azolam. BRAIN-—BLOOD FLOW, metabolism. ALCO- 
HOL. INTERACTIONS (DRUG)—midazolam, alcohol. 


If ethanol potentiates the cerebral depression produced . 
by benzodiazepines and this potentiation is mediated 
by the benzodiazepine receptor, then a specific ben- 
zodiazepine antagonist should reverse both benzo- 
diazepine- and benzodiazepine-plus-ethanol-induced 
cerebral depression. The purpose of this experiment 
was to investigate the cerebrovascular and cerebral 
metabolic effects of the short-acting water-soluble 
benzodiazepine, midazolam; the interaction of ethanol 
with midazolam; and the ability of a benzodiazepine 
antagonist, 3-carbo-t-butoxy-B-carboline (B-CCT), to 
reverse midazolam and midazolam—alcohol effects. 


Methods 


Surgical Preparation 


Six-month-old male Sprague-Dawley rats were an- 
esthetized with halothane in a bell jar, tracheoto- 
mized, and ventilated with 1% inspired halothane in 
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Oz using a Harvard small-animal respirator. Body 
temperature was maintained at 37°C and arterial blood 
PcO, was maintained between 35-40 mm Hg by ad- 
justing ventilation. Bilateral cutdowns were per- 
formed for cannulation of both femoral arteries and 
both femoral veins with Clay~-Adams Intramedic 
polyethylene catheters filled with heparinized normal 
saline solution. These catheters were used for contin- 
uous heart rate and pressure monitoring, blood with- 
drawal, and drug administration. The left ventricle 
was catheterized via the right common carotid artery 
for microsphere injections. Pressure tracings were 
monitored to ensure proper catheter placement. A 
Hewlett-Packard pressure transducer and chart re- 
corder was used in all cases. The skull was exposed, 
a small hole drilled into the sagittal sinus, and a cath- 
eter inserted for withdrawal of sagittal sinus blood 
samples. After completion of surgery, halothane was 
discontinued and the animal was maintained on 50% 
N20 and 50% O, for a 45-min equilibration period. 
Muscle relaxation was achieved with 1 mg/kg of in- 
travenous d-tubocurarine. 


Drug Administration 


Animals were assigned to one of several treatment 
schedules. In part one, rats were selected to deter- 
mine the effects of intraperitoneally injected alcohol 
in various doses on cerebral blood flow and metab- 
olism. Doses were 0.75, 1.25, 2.5, and 5.0 mg absolute 
ethanol per gram body weight. Microsphere injec- 
tions and blood-gas measurements were made 20 min 
after the injection of alcohol. 

In part two, rats were subjected to one of the fol- 
lowing treatments: 1) an intravenous bolus injection 
of 0.2 or 2 mg/kg midazolam followed by a 15-min 
infusion of 0.025 or 0.25 mg-kg~4smin~! for a total 
dose of 0.575 or 5.75 mg/kg midazolam, respectively; 
2) an intraperitoneal injection of 2.5 mg/g ethanol fol- 
lowed 5 min later by a 15-min intravenous infusion 
of midazolam for a total dose of 0.575 mg/kg; 3) an 
intravenous bolus injection of 0.4 mg/kg B-CCT fol- 
lowed by a 15-min infusion of 0.05 mg/kg for a total 
dose of 1.15 mg/kg; 4) simultaneous 15-min intrave- 
nous infusions of 0.575 or 5.75 mg/kg midazolam com- 
bined with 1.15 mg/kg B-CCT (total doses); or 5) an 
intraperitoneal injection of 2.5 mg/kg ethanol fol- 
lowed by a 15-min combined infusion of 0.575 mg/kg 
of midazolam and 1.15 mg/kg of B-CCT test proce- 
dures. Microsphere injections were made 20 min after 
alcohol and after the 15-min drug infusions. The drug 
infusions were maintained throughout the micro- 
sphere test procedure. 
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Microspheres 


Microsphere injections were performed according to 
previously described techniques (4) using 15- mi- 
crospheres labeled with cobalt-57, ruthenium-103, or 
scandium-146 (New England Nuclear). Stock solu- 
tions containing 500,000 microspheres/ml were sus- 
pended in isotonic saline with 0.1% Tween-80. Ven- 
tricular pressure tracings were monitored before each 
microsphere injection. Microspheres were vortexed 
for 1 min, withdrawn (0.2 ml—100,000 microspheres), 
injected into the left ventricle via the ventricular cath- 
eter (dead space = 0.06 ml), and flushed in with 0.2 
ml of saline. Starting immediately before each micro- 
sphere test and continuing 45 sec after the end of each 
injection, blood was withdrawn from a femoral artery 
at a rate of 0.4 ml/min using a Harvard infusion- 
withdrawal pump. Arterial blood—gas measurements 
were made at the end of each microsphere injection 
procedure. Arterial and sagittal sinus blood samples 
were also taken after each microsphere test for mea- 
surement of cerebral arterial-venous O, content (AVO,). 
Blood gas tensions and pH were measured with an 
IL 1303 blood-gas analyzer and oxygen content was 
measured using an IL 282 cooximeter. Mean arterial 
blood pressure was measured continuously through- 
out the microsphere tests from the second femoral 
artery to ensure that blood pressure did not change 
appreciably. Heart rate was measured before each mi- 
crosphere injection. At the end of the last microsphere 
test the rat was sacrificed and the brain was removed, 
sectioned into left and right cortical and subcortical 
samples, and weighed. The activity of each micro- 
sphere in brain and blood samples was analyzed us- 
ing a Nuclear Chicago 1035 gamma counter and a 
Nuclear Data 600 multichannel analyzer. Cerebral blood 
flow was determined in each sample using the meth- 
ods of Heymann et al. (4), but only cortical cerebral 
blood flow (CBF) is reported here. Cerebral oxygen 
consumption (CMR0,) was calculated as the product 
of cortical CBF, corrected for brain weight, and ce- 
rebral arterial_venous blood O, content. 


Drug and Reagents 


Absolute ethanol 10% (vol/vol) in normal saline was 
used as the stock solution for all intraperitoneal in- 
jections. Midazolam maleate (RO 21-3981/1, Hoffman- 
LaRoche, Inc, Nutley, NJ) was dissolved in normal 
saline to a stock concentration of 0.2 mg/ml. A 3-carbo- 
t-butoxy-B-carboline (6-CCT) stock solution was pre- 
pared by dissolving the solid in a mixture of Emulphor 
EL-620P (Clay-Adams)—ethanol—normal saline (1:1:3) 
to a concentration of 0.4 mg/m]. Microspheres were 


Ee- 


BENZODIAZEPINES AND ALCOHOL ANESTH ANALG 131 
1985;64:129-35 
Table 1. Changes in Arterial Blood Pressure, Heart Rate, and Blood-Gas Tensions during Ethanol, Midazolam, and 
B-CCT Treatment 
Blood Heart 
pressure rate Paco, Pao, 
Treatment n (mm Hg) (beats/min) (mm Hg) (mm Hg) pH 
Ethanol (mg/g) 
0 12 141 + 2 342 + 11 38.0 + 0.3 117 + 3 7.39 + 0.02 
0.75 10 126 + 2 370 + 4 37.7 + 0.4 132:2:7 7.37 + 0.04 
1.25 12 Tig" 408 + 6° 36.5 + 0.4 I £3 7.33 + 0.03 
2.50 11 oF E 35.8 + 0.3 122-= 3 7.38 + 0.02 
5.00 6 101 + 2° 350 + 7 33.7 = 0.3" 146 + 6 7.25 + 0.06 
Midazolam (mg/kg) 
0.57 13 116 £3 4]1 + 4° 36.8 + 0.2 fe mess 7.39 + 0.02 
5.75 9 123 3" 376 + 5 36.8 + 0.3 1232 7.40 + 0.03 
B-CCT (mg/kg) 
Vehicle 9 150 + 3 399 + 4 35.9 + 0.3 104 + 3 7.41 + 0.02 
1.15 11 141 + 2 439 + 4 36.1 + 0.3 15325 7.37 + 0.04 
Ethanol (2.5 mg/g) plus midazolam (0.57 mg/kg) 
9 98 + 3° 400 + 4° 37.4 + 0.5 184 +5 7.42 + 0.02 
Midazolam (0.57 mg/kg) plus -CCT (1.15 mg/kg) 
9 I3 + 2 397 + 5 36.9 + 0.4 204 + 6 7.39 + 0.02 
Midazolam {5.75 mg/kg) plus -CCT (1.15 mg/kg) 
13 108 + 2" 386 + 5 38.6 + 0.4 218 + 5 7.38 + 0.04 
Ethanol (2.5 mg/g) plus midazolam (0.57 mg/kg) plus B-CCT (1.15 mg/kg) 
9 Uraz 358 + 4° 37.3 + 0.3 159 + 3 7.38 + 0.03 


ap < 0.05 compared to appropriate vehicle control. 


suspended in normal saline solution with Tween-80 
0.01% to a concentration of 500,000 microspheres/ml. 
Blood ethanol levels were measured by placing 
0.1-ml blood samples into 0.9-ml deionized water to 
lyse the red blood cells. One-microliter samples of this 
solution were injected directly onto a Teflon column 
(18 inches x 0.25 inches outer diameter) packed with 
Chromosorb P-AW-DMCS 60-80 mesh in a Packard 
gas chromatograph equipped with flame ionization 
detector. Operating conditions were performed from 
a modification of a previously described technique. 


Statistical Methods 


All data are reported as mean + SEM. Statistical tests 
included analyses of variance to compare ethanol, 
midazolam, and B-CCT treatment effects, and un- 
paired t-tests to compare individual group differences. 


Results 


The mean values (+ SEM) of mean arterial pressure 
(MAP), heart rate (HR), and arterial PCO2, PO2, and 
pH are summarized in Table 1. Although there were 
some significant differences in mean arterial pressure 
and pH, none of these were outside of the range of 
autoregulatory cerebrovascular function. Blood alco- 
hol concentrations varied linearly with the intraper- 
itoneally injected dose (Fig. 1). Small but significant 


increases were noted in CBF and CMRo, with the 
1.25 mg/g alcohol dose, and significant decreases in 
both parameters were seen with the 5.0 mg/g dose 
(Fig. 2). Neither cortical CBF nor CMRo, were de- 
pressed 20 min after intraperitoneal injection of 2.5 
mg/g ethanol, the dose chosen for investigating the 
effects of concomitantly administered midazolam 
and/or B-CCT. Midazolam produced 35-40% depres- 
sion in cortical CBF and CMRo, with both the 0.57 
and 5.75 mg/kg doses (Fig. 3). The B-CCT infusion 
alone (1.15 mg/kg) produced a significant 30% in- 
crease in CMRO, above the control levels without a 
significant change in cortical CBF (Fig. 3). And B-CCT 
reversed the depression in cortical CBF and CMRo, 
produced by 0.57 but not 5.75 mg/kg midazolam. The 
effects of ethanol and midazolam given together are 
shown in Figure 4. Ethanol potentiated the 35-40% 
depression in cortical CBF and CMRo, produced by 
0.57 mg/kg midazolam, decreasing both variables ap- 
proximately 70% from control. The B-CCT infusion 
(1.15 mg/kg) completely reversed the depression in 
cortical CBF and CMRo, produced both by midazolam 
alone and midazolam plus ethanol. 


Discussion 


The interaction between ethanol and benzodiazepines 
has been studied by evaluation of psychophysical per- 
formance in humans (5) and by alterations in the be- 
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Figure 1. Blood ethanol concentrations 20 min after intraperitoneal 
ethanol injections (mean + SEM). Number of samples in each group 
are given in Table 1. All values for ethanol doses were significantly 
greater than zero dose (P < 0.01). 


havior of animals (6). These reports showed that the 
central sedative effects of diazepam were additive or 
supraadditive to those produced by alcohol. Physio- 
logic measurements of this interaction are lacking, 
however. In the present studies we observed that 
ethanol potentiated the cerebrovascular and cerebral 
metabolic depression produced by midazolam. Ethanol, 
in concentrations that had little effect on cortical CBF 
or CMRO; alone, enhanced the central depressant ef- 
fects of midazolam more than that affected by a 10- 
fold greater dose of the benzodiazepine. Our results 
also suggest that the potentiating effects of ethanol 
were produced by an effect at the benzodiazepine 
receptor because treatment with B-CCT, a benzodi- 
azepine antagonist, reversed not only midazolam ef- 
fects but also the interaction of midazolam plus ethanol. 

The presence of high-affinity, saturable, and stereo- 
specific binding sites for benzodiazepines in the mam- 
malian CNS was first reported in 1977 (7,8). The cor- 
relation between the potencies of benzodiazepine 
compounds in displacing (H°)-diazepam binding in 
vitro and their potencies as anxiolytics, anticonvul- 
sants, and muscle relaxants strongly suggested that 
these binding sites were pharmacologic receptors (7-9). 
Benzodiazepine receptors appear relatively late in the 
phylogenetic scale, being first apparent in vertebrate 
species (10). In addition, their distribution within brain 
tissue is less dense in phylogenetically older brain 
regions, such as the pons and the medulla, than in 
newer areas such as the cortex (11). Central benzo- 
diazepine receptors are located on neurons and are 
associated with synaptosomal contacts (12,13). Stud- 
ies of the dissociation rates of radiolabeled benzodi- 
azepines suggest the presence of two subtypes of re- 
ceptor, referred to as type I and type II (14). These 
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Figure 2. Cortical CBR and CMRo, changes during ethanol treat- 
ment. Number of animals and blood ethanol concentrations for 
each dose are shown in Table 1 and Figure 1, respectively. Each 
ethanol dose level was compared statistically to zero dose. 


receptor subtypes also have a regional distribution, 
with type I receptors located in the cerebellum, globus 
pallidus, and lamina IV of the cortex, while type II 
receptors are found primarily in the caudate- 
putamen, dentate gyrus, and amygdala (15). The 
significance of the benzodiazepine receptor subtypes 
and their regional distribution is unknown at present, 
although they may mediate the separate pharmaco- 
logic functions of benzodiazepines (2). Biochemical 
analysis of benzodiazepine receptors suggests that they 
are physically, as well as functionally, associated with 
the y-aminobutyric acid (GABA) receptor and the 
chloride ionophore (16). GABA acts at the 
benzodiazepine-GABA receptor—chloride ionophore 
complex by directly increasing conductance of the 
chloride ionophore and inhibiting the activity of the 
neuron. Benzodiazepines act at this complex by mod- 
ulating the activity of the GABA receptor (17). The 
functional interaction of the receptor complex is in- 
dicated by the fact that the presence of both GABA 
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Figure 3. Cortical CBF and CMRo, changes produced by mid- 
azolam (MID) and B-CCT treatment. Dosage levels for midazolam 
represent mg/kg given over a 15-min infusion period. The B-CCT 
dosage was 1.15 mg/kg given over 15 min. Data are presented and 
compared statistically to the appropriate control for each test group 
and thus represent intragroup comparisons. Number of animals in 
each test group are given in Table 1. Data indicate a significant 
effect of B-CCT in reversing cortical CBF and CMKo, changes at 
0.57 but not at 5.75 mg/kg midazolam doses (P < 0.01). 


and chloride ions can enhance the binding of 
(H?)-diazepam to the benzodiazepine receptor (18). 
Ethanol also enhances (H°)—benzodiazepine binding 
at concentrations between 10 and 100 nM, corre- 
sponding to plasma concentrations of 46-460 mg% 
(2,3). These effects are also consistent with the ability 
of ethanol to facilitate GABAergic-mediated inhibitor 
synaptic transmission (19). It is apparent that ethanol 
is capable of enhancing benzodiazepine-induced neu- 
ronal depression and facilitating the inhibitory action 
of the benzodiazepine-GABA receptor-chloride ion- 
ophore complex. While the molecular mechanism of 
this enhancement remains obscure, the results of our 
work with the benzodiazepine antagonist suggest that 
the ethanol effect is produced by a direct interaction 
with the benzodiazepine receptor. 

Although these data suggest that ethanol poten- 
tiates the cerebral depressant effects of benzodiaze- 
pines by an interaction at the receptor level, there are 
other possible explanations for these results. It may 
be that ethanol and benzodiazepines produce their 
central depressant effect by different mechanisms or 
at separate sites of action. Under these conditions, 
benzodiazepines may act to unmask the metabolic 
depressant effects of ethanol, which are usually seen 
only with higher blood alcohol concentrations (> 300 
mg%). If this were the case, the ability of B-CCT to 
reverse the enhanced midazolam—ethanol-induced 
cerebral metabolic depression would be indicative only 
of its ability to inhibit the action of midazolam and 
not of an interaction with ethanol at the receptor com- 
plex. This would be consistent with preliminary stud- 
ies in which we have found an inability of B-CCT to 
reverse the behavioral depression produced by high 
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Figure 4. Cortical CBF and CMRo, changes during midazolam 
(MIDAZ or MID, 0.57 mg/kg intravenously), ethanol (ETOH, 2.5 
mg/g intraperitoneally), and B-CCT (1.15 mg/kg intravenously) 
treatment. Number of animals in each group is given in Table 1. 
Control (CON) group received vehicle treatment for 8-CCT. Each 
test group (solid bar) was compared statistically to vehicle-treated 
group (hatched bar) for each drug treatment. 


doses of ethanol (unpublished results). This would 
suggest that separate depressor mechanisms are me- 
diated by ethanol and benzodiazepine receptor stim- 
ulation that may interact at some level to facilitate 
depression. Another possible mechanism that has not 
been discussed is the possibility that ethanol or mid- 
azolam facilitated the action of the other by redistri- 
buting blood flow from cortical to subcortical regions 
and indirectly depressing metabolic activity. Al- 
though both cortical and subcortical blood flow were 
measured, only cortical blood flow was reported here. 
However, similar changes in flow were seen in cortical 
and subcortical regions under all treatment condi- 
tions. This suggests that an action of ethanol or mid- 
azolam to redistribute cerebral blood flow was not the 
primary mechanism of action. 

Benzodiazepines have previously been shown to 
produce cerebrovascular and cerebral metabolic 
depression by other investigators. Carlsson et al. (20) 
showed that diazepam alone produced decreases in 
CBF in rats but no significant change in CMRo». Di- 
azepam plus 70% N,O-30% O, anesthesia produced 
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a decrease in both CBF and CMRo, in these animals. 
They concluded that diazepam alone produced little 
cerebral metabolic depression and that N,O poten- 
tiated the cerebral metabolic depression produced by 
the benzodiazepine. It is also possible that diazepam 
alone was not an adequate anesthetic and there was 
cerebral stimulation associated with the stress produced 
by the testing procedures. This is consistent with other 
reports that stress increases CBF and CMRO,; (21). In 
N2O-anesthetized dogs, Nugent et al. (22) reported 
‘that both diazepam and midazolam produced de- 
creases in CBF and CMRoz . They also found that mid- 
azolam produced greater cerebral depression at 5 min 
compared to 30 min after bolus intravenous injec- 
tions, consistent with its short-acting effects. Intra- 
venous infusions of midazolam were used in these 
studies to obtain a steady-state effect. We observed a 
depression in cortical CBF and CMRo, with mida- 
zolam that was similar between 0.57 and 5.75 mg/kg 
midazolam doses. This agrees with other reports that 
benzodiazepines produce a plateau of cerebrovascular 
and metabolic depression that occurs at low doses and 
is not greatly increased at higher doses (20). It is also 
consistent with the report that maximum behavioral 
effects of benzodiazepines are produced when a small 
number, less than 30% of central benzodiazepine re- 
ceptors, are stimulated (2). The plateau of benzodi- 
azepine effects as well as their high therapeutic index 
is probably related to the pharmacologic action of the 
benzodiazepine receptor, that of modulating GABA 
receptor effects within the benzodiazepine-GABA 
receptor—chloride ionophore complex. 

The f-carbolines were first studied in an attempt 
to find an endogenous ligand for the benzodiazepine 
receptor. Neilsen et al. (23) isolated B-carboxylic-3- 
carbolytic acid ethyl ester (8-CCE) from human urine 
and determined it had a high affinity for benzodiaze- 
pine receptors. Although subsequent work showed 
that B-CCE was formed in the extraction and isolation 
procedures (24), B-carbolines have subsequently been 
found to be potent benzodiazepine antagonists. The 
B-carbolines have been shown to be active antago- 
nists, not only by virtue of displacing benzodiaze- 
pines from their receptors but also by having intrinsic 
activity oppposite to that of benzodiazepines (25,26). 
The B-CCTs alone produced a significant increase in 
CMRo, above the levels seen in sham treated rats. 
The B-CCTs also reversed the cerebrovascular and 
cerebral metabolic depression produced by 0.57 but 
not 5.75 mg/kg midazolam. This indicates a dose- 
related reversal of midazolam effects with the ben- 
zodiazepine antagonist and approximate equipotence 
of midazolam and -CCT at the benzodiazepine 
receptor. 
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It is apparent from these studies that the cerebro- 
vascular and cerebral metabolic effects of midazolam 
are potentiated by ethanol. This occurs in spite of the 
fact that the dose of ethanol tested (2.5 mg/g intra- 
peritoneally) produced no significant effect on cortical 
CBF or CMRo> alone. Our data also suggest that ethanol 
enhances the decrease in cortical CBF and CMRo, 
produced by midazolam by an interaction with the 
benzodiazepine—GABA receptor-—chloride ionophore 
complex because this effect could be completely re- 
versed by the benzodiazepine antagonist B-CCT. This 
is consistent with other reports that ethanol enhances 
benzodiazepine receptor binding and facilitates GABA- 
induced synaptic inhibition (3,19). It is also possible 
that ethanol produces cerebral depression by separate 
mechanisms that are facilitated in some way by ben- 
zodiazepines. Reversal of ethanol—benzodiazepine- 
induced cerebral depression by B-CCT would be con- 
sistent with this possibility. How these results relate 
to the behavioral depression of midazolam and ethanol 
is unknown. There may be some separation between 
the two because ethanol (0.75-5 mg/g) alone produced 
little metabolic, but marked behavioral, depression. 
Further studies will be required to determine how 
changes in CMRo, produced by benzodiazepines and 
alcohol relate to other physiologic and behavioral 
parameters. 
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Enflurane in Spontaneously Hypertensive Rats 
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spontaneously hypertensive rats. Anesth Analg 
1985;64:136-42. 


Forty-two spontaneously hypertenstve rats (SHR) and 42 
normotensive Wistar—Kyoto rats (WKY) were anesthetized 
with either halothane or enflurane. Blood pressure, heart 
rate, cardiac output, distribution of blood flow, plasma renin 
activity, and plasma catecholamines were measured to de- 
termine in what manner the hypertensive animal responded 
to these two anesthetics. Major findings of the study were 
that plasma renin activity did not increase in the SHR 
despite a 25% reduction in MAP. The infusion of saralasin, 
an angiotensin II antagonist, resulted in a further decrease 
in blood pressure in SHR anesthetized with halothane but 
not with enflurane. Plasma catecholamine concentrations 
were elevated in the awake SHR and were decreased in SHR 
anesthetized with enflurane. Both halothane and enflurane 


A variety of clinical studies suggest that the hyper- 
tensive patient reacts to anesthetic agents in a manner 
that is dissimilar to normotensive patients (1,2). Most 
of these clinical studies have measured blood pressure 
and cardiac output during anesthesia and surgery, 
but these studies have been complicated by the use 
of induction agents and muscle relaxants, as well as 
the surgical procedure itself. 

The spontaneously hypertensive rat (SHR) is thought 
to represent an acceptable model of essential hyper- 
tension in humans (3). Multiple studies have dem- 
onstrated that cardiovascular and hormonal re- 
sponses to a variety of physiological maneuvers are 
similar to those known to occur in humans (4,5). We 
have used the SHR model to examine how anesthetic 
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anesthesia resulted in similar alterations in blood flow in 
the SHR. The normotensive WKY responded to halothane 
and enflurane in a different manner than the SHR. Plasma 
renin activity increased with the decrease in blood pressure 
with both agents. A further decrease in blood pressure oc- 
curred with saralasin infusion in WKY anesthetized with 
halothane or enflurane. Significant blood flow alterations 
occurred in the WKY anesthetized with both agents, but 
enflurane caused the greatest changes. The SHR may prove 
useful in examining the effects of anesthetic agents and other 
drugs so that we may have a better understanding of the 
perioperative management of the patient with essential 
hypertension. 


Key Words: ANESTHETICS, vo.tatTite—enflurane, 
halothane. BLOOD PRESSURE-—~hypertension. 
POLYPEPTIDES—renin—angiotensin. SYMPA- 
THETIC NERVOUS SYSTEM—catecholamines. 


agents might affect organ systems while realizing the 
limitation of the SHR (6). The appropriate control for 
the study is one important aspect of the SHR studies. 
Most agree that because the SHR strain of rat was 
derived from the Wistar~Kyoto Rat (WKY), the ap- 
propriate normotensive control for the SHR is the 
WKY and not other strains of rat (7). 

We compared the hemodynamic responses to hal- 
othane and enflurane anesthesia in both SHR and 
WKY. Not only did we measure blood pressure and 
heart rate, but also plasma catecholamine levels and 
arterial blood-gas tensions. The response of the 
renin—angiotensin system to anesthesia was also de- 
termined through the measurement of plasma renin 
activity and the infusion of saralasin, a competitive 
inhibitor of angiotensin II. The use of saralasin al- 
lows us to determine the importance of the renin- 
angiotensin system in blood pressure control (8). 
Because blood pressure alone does not allow for a 
determination of flow, we used the radioactive micro- 
sphere technique in an additional group of rats to 
measure total cardiac output and distribution of car- 
diac output. By using these various techniques we 
hoped to learn not only the responses of blood pres- 
sure in hypertension to these two anesthetics, but also 
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Table 1. Mean Arterial Pressure and Heart Rate Response to Halothane or Enflurane Anesthesia 


Spontaneously hypertensive rat 


Wistar-Kyoto rat 


Control Halothane Enflurane Control Halothane Enflurane 
(n = 8) (n = 8) {n = (8) (n = 8) (n = 8) (n = 8) 
MAP? HR MAP HR MAP HR MAP HR MAP HR MAP HR 
Awake 153 456 168 440 181 460 123 389 126 392 124 408 
+ 3 + 14 + 3 + 8 +4 + 6 + 2 + 15 +3 + 12 + 3 + 10 
Anesthetized 159 479 125 347 132 340 125 383 74 315 74 319 
t 2 + 13 + 4° a 9 + 6° + iF +3 + 17 + 2 + 8° + 2 + 10° 
+ Saralasin 162 475 107 325 124 313 124 375 63 316 70 299 
+ i + 12 + 6% + 10 +6 + 8 +4 + 20 + i + 8 + 4 + 6 


4P < 0.05 by paired data. 
'MAP expressed in mm Hg. 
‘HR expressed in beats/min. 


the influence of these two agents on hormonal re- 
sponses and, more importantly, on blood flow to var- 
lous organs. 


Methods 


These studies were performed on 42 spontaneously 
hypertensive male rats (Charles River Laboratories) 
(mean weight 266 g, range 227-300 g) and 42 Wis- 
tar-Kyoto male rats (Charles River Laboratories) (mean 
weight 261 g, range 212-298 g) whose average age 
was 12-14 weeks. The rats were housed under iden- 
tical conditions and provided with standard rat chow 
and water ad libitum until they were studied. 

Two protocols were used to perform the studies. 
Forty-eight rats (24 SHR and 24 WKY) were studied 
to examine the hemodynamic and hormonal re- 
sponses to two anesthetic agents. An additional 36 
rats (18 SHR and 18 WKY) were studied using the 
radioactive microsphere technique. Ideally, experi- 
ments examining hemodynamic and hormonal re- 
sponses should be done in the same animal; however, 
the requirement for blood sampling and the de- 
rangement this could cause necessitated the use of 
different groups of animals. 

Forty-eight rats (24 SHR and 24 WKY) were briefly 
anesthetized with diethyl ether delivered via a nose 
cone, and a femoral artery and vein were cannulated 
(PE-50 tubing). The cannulae were exteriorized and 
flushed with a solution of heparin and physiologic 
saline. The rats were placed in restraining cages 
(Braintree Scientific Inc.) for at least one hour to allow 
recovery from anesthesia. Blood pressure, which was 
monitored continuously through the arterial cannula 
by a Statham P23Db pressure transducer using a Brush 
Mark 2400 recorder, had stabilized well before the end 
of the recovery period, and the animals were awake 
and alert. The protocol consisted of a 1-hr awake pe- 


riod, a 20-min anesthetic induction period, 60 min of 
anesthesia, and a 30-min infusion of saralasin. Anes- 
thesia was established with either 1.3 vol% halothane 
(SHR n = 8, WKY n = 8) or 2.2 vol% enflurane (SHR 
n = 8, WKY n = 8). These values represent approx- 
imately equipotent anesthetic concentrations in young 
rats (9,10). A control group (SHR n = 8, WKY n = 
8) was treated identically but remained unanesthe- 
tized throughout. All animals breathed room air spon- 
taneously throughout the experiment. All animals were 
placed under a heating lamp to maintain recta] tem- 
perature at 37°C. 

To ensure a large excess of saralasin relative to 
angiotensin IJ at the angiotensin-binding sites, an 
initial dose of saralasin, 100 ug/kg, dissolved in 0.9% 
saline solution (approximately 150 ug/ml) was infused 
intravenously, and the infusion was maintained at 10 
ug-kg~'-:min~' for the next 30 min (11). The volume 
of saralasin administered did not exceed 0.8 ml. 

Arterial blood (0.5 ml) for determination of plasma 
renin activity (PRA) was obtained immediately prior 
to anesthesia. After 1 hr of stable anesthesia or after 
1 hr of being awake for the control group, 1.5 ml of 
blood was obtained for determination of PRA and 
plasma catecholamines. A third arterial blood sample 
was obtained at the end of the infusion for determi- 
nation of PRA and plasma catecholamines. The re- 
moved blood, placed in vials containing EDTA, was 
centrifuged; the plasma was withdrawn; and the red 
blood cells were suspended in an equal volume of 
saline solution and administered intravenously to re- 
place the shed blood. Catheters were flushed period- 
ically with normal saline to ensure accurate blood 
pressure measurements. PRA was estimated using 0.2 
ml plasma instead of 1 ml plasma, as is described by 
Haber et al. (12), using New England Nuclear 
reagents. The plasma was incubated for two hours to 
generate angiotensin I, which was estimated by ra- 
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Table 2. Plasma Renin Activity (ng-m!~?-hr~’) 


MILLER ET AL. 


SHR WKY 
Control Halothane Enflurane Control Halothane Enflurane 
(n = 8) (n = 8) (n = 8) (n = 8) (n = 8) (n = 8) 
Awake 2.2 + 0.7 1.9 + 0.2 2.5 + 0.7 2.2 + 0.6 2.9 + 0.6 2.2 + 0.2 
Anesthetized 1.4 + 0.6 1.6 + 0.4 1.3 + 0.2 1.4 + 0.2 13.4 + 3.6" 4.8 + 0.9% 
+ Saralasin 2.0 + 0.7 10.1 + 2.6" 4.1 + 1.24 7.5 + 5.8 83.0 + 7.3 54.8 + 17.0" 


aP < 0.05 by paired data. 


dioimmunoassay, and the renin activity calculated as 
ng-ml~'-hr~'. The plasma samples from the six groups 
were assayed randomly in ten separate renin assays. 
Standard curves for each assay were done in triplicate, 
and all samples were assayed in duplicate. Renin val- 
ues that exceeded the standard curve values were 
diluted and reassayed. 

Blood samples for analysis of catecholamines were 
collected in iced polystyrene tubes containing EDTA. 
After centrifugation, 550 yl of plasma was collected 
and stored at —80°C for later analysis. Catechol- 
amines were extracted 1-10 days later and then 
assayed by high-performance liquid chromatogra- 
phy. Briefly, 8 pmol of internal standard (3,4,di- 
hydroxybenzylamine) were added to 500 wl of 
plasma, and the catecholamines were absorbed to 
alumina under alkaline conditions. The catechola- 
mines then were eluted with 250 yl of 0.1N perchloric 
acid. Thereafter, 200 pl of the eluate was injected into 
the chromatography and separated by an ODS 5-um 
reverse phase column. Catecholamines were detected 
electrochemically with a 30-pg sensitivity threshold 
(13). There was less than a 5% error in repeated de- 
terminations of samples containing 100-200 pg/ml of 
catecholamines. 

To assess the influence of anesthetic agents on car- 
diac output and distribution of blood flow, 36 addi- 
tional rats were studied (18 SHR and 18 WKY). The 
rats were anesthetized either with halothane (1.3%) 
or enflurane (2.2%), and PE-50 polyethylene tubing 
was passed into the left ventricle using pressure mon- 
itoring to verify location. The neck incision was closed, 
and a femoral artery was cannulated with PE-50 tub- 
ing. Catheters were flushed with a solution of heparin 
and physiologic saline solution. Blood pressure was 
monitored as previously described. 

The protocol consisted of a 1-hr period of stable 
anesthesia after the surgical preparation. This time 
was adjusted to resemble closely the protocol of the 
previously described rats. Anesthesia consisted of 1.3% 
halothane in air (SHR n = 8, WKY n = 8) or 2.2% 
enflurane in air (SHR n = 10, WKY n = 8). After 1 
hr of stable anesthesia, arterial blood (0.2 ml) was 


withdrawn for determination of arterial blood-gas 
tensions. 

To determine cardiac output and distribution of 
blood flow, carbonized microspheres were injected 
(14). Strontium-85 labeled microspheres (15 + 1.1 um) 
with specific activity of 9.6 mCi/g were used. These 
were suspended in 10% dextran containing 0.05% 
Tween 80 and counted in a gamma counter (LKB 1282 
Compugamma). After initial counting, the micro- 
spheres were agitated again, 0.1-0.2 mi (40,000-60,000 
microspheres) was injected into the left ventricular 
catheter over 5 sec, and the catheter was flushed with 
0.4 ml saline solution. Blood was withdrawn from the 
femoral artery by a constant withdrawal pump for 10 
sec prior to 40 sec after the microsphere injection. The 
blood was then placed in a preweighted counting vial, 
and the actual withdrawal rate (approximately 0.76 
ml/min) was determined by weighing the vial. The 
empty injection syringe again was counted to deter- 
mine any residual microspheres not injected. Micro- 
spheres were injected at the end of the 1 hr of stable 
anesthesia; then the rats were killed by injection of 
potassium chloride through the ventricular catheter 
and the organs were removed, weighed, and placed 
in counting vials. The position of the left ventricular 
catheter was verified by direct vision. Samples of skin, 
muscle, liver, and small intestine were taken; other- 
wise, the whole organ was counted. Total weights of 
the liver and small intestine were determined for each 
animal. Tissue and blood samples then were counted 
for 5 min in a gamma counter at the appropriate en- 
ergy spectrum. 

Cardiac output was determined by the reference 
sample method (cardiac output = counts injected x 
reference sample withdrawal rate + reference blood 
counts). Regional distribution of cardiac output was 
calculated by comparing the radioactivity in each or- 
gan with the total injected radioactivity. Organ flow 
was determined by multiplying the cardiac output by 
the fractional distribution of the cardiac output to the 
organ. 

Data are presented as the mean values + SEM. 
Student's t-test for paired data was used when ap- 
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Table 3. Plasma Catecholamines 
SHR WKY 
Control Halothane Enflurane Control Haiothane Enflurane 
(n = 7) (n = 7) (n = (n = 7) (1 = 7) (n = 8) 
NE? EPI! NE EPI NE EPI NE EPI NE EPI NE EPI 
Treatment 621 512 666 269 256 325 274 382 168 200 119 128 
+ 89 + 109 + 178 + 76 + 60° + 84 + 50 + 54 + 32 + 33 + 49 #25! 
+ Saralasin 384 316 756 322 301 419 588 500 279 286 106 232 


+ 41 + 86 + 154 


"NE, norepinephrine expressed in pg/ml. 
"EPI, epinephrine expressed in pg/ml. 

‘P < 0.05 compared to awake, 

1p < 0.05 awake SHR vs awake WKY. 


propriate. Statistical significance of other data was 
determined by one-way analysis of variance. P < 0.05 
was considered significant. 


Results 


Mean arterial pressure (MAP) in the SHR was 159 + 
2mm Hg during the pretreatment period. After stable 
anesthesia with halothane and enflurane, MAP de- 
creased to 125 + 4mm Hg and to 132 + 6 mm Hg 
(P < 0.05), respectively. With the infusion of saral- 
asin, MAP did not change in the control group or in 
those anesthetized with enflurane. In contrast, in SHR 
anesthetized with halothane, a significant decrease in 
MAP occurred (107 + 6 mm Hg) (Table 1). 

Mean arterial blood pressure in the WKY was 125 
+ 3 mm Hg during the pretreatment period. After 1 
hr of stable anesthesia with halothane, MAP had de- 
creased to 74 + 2 mm Hg (P < 0.05). Similarly, en- 
flurane anesthesia also resulted in a decrease in MAP 
to 74 + 2 mm Hg. The infusion of saralasin in the 
unanesthetized WKY did not alter MAP. In contrast, 
saralasin decreased MAP significantly in rats anes- 
thetized with halothane or enflurane (63 + 3 mm Hg, 
70 + 4mm Hg, respectively) (Table 1). 

Heart rate was significantly slower in awake WKY 
than in awake SHR (383 + 17 vs 479 + 13 beats/min). 
Anesthesia with halothane and enflurane decreased 
heart rate in both the SHR and WKY. The infusion of 
saralasin further decreased heart rate in all anesthe- 
tized animals except WKY anesthetized with halo- 
thane (Table 1). 

PRA during the pretreatment period was similar in 
both SHR and WKY. With halothane and enflurane 
anesthesia in the SHR, no increase in PRA could be 
observed. In contrast, WKY anesthetized with either 
halothane or enflurane did demonstrate increases. The 
infusion of saralasin resulted in increases in PRA in 
the WKY and SHR anesthetized with halothane and 
enflurane (Table 2). 

Plasma norepinephrine and epinephrine were sig- 


+ 76 + 122° + 222 + 123 + 52 + 18 + 48 


nificantly greater in the SHR as compared with the 
WKY. Enflurane anesthesia resulted in a decrease in 
norepinephrine when compared to the awake state 
in SHR. No such decrease was seen in SHR anesthe- 
tized with halothane. The WKY also demonstrated a 
decrease in plasma epinephrine when enflurane anes- 
thesia was administered. The infusion of saralasin in 
the WKY during the awake period resulted in a sig- 
nificant increase in plasma norepinephrine (Table 3). 

Cardiac output was similar in both SHR and WKY 
anesthetized with halothane (57 + 5 ml/min and 59 
+ 3 ml/min, respectively; cardiac index 226 + 24 ml 
and 235 + 14 ml/min, respectively). A decrease in 
small bowel blood flow was found in the SHR com- 
pared to WKY, although there were small increases 
in skin and muscle blood flow in the SHR (Fig. 1). 

Cardiac output in WKY anesthetized with enflur- 
ane was 75 = 4 ml/min (cardiac index 306 + 16 ml/min); 
and in SHR anesthetized with enflurane, 67 + 3 ml/min 
(cardiac index 268 + 11 ml/min). Although similar 
cardiac output was found, there were marked differ- 
ences in blood flow to various organs. Decreases in 
blood flow to brain, lung (bronchial flow), left kidney, 
and small bowel were found in SHR anesthetized with 
enflurane as compared to WKY; whereas increases in 
blood flow to heart, skin, and muscle were observed 
in SHR as compared to WKY (Fig. 2). 

Arterial blood-gas analysis done at the end of the 
microsphere injection showed that the WKY anes- 
thetized with halothane were hypoxic. Arterial oxy- 
gen was greater than 60 mm Hg in the other groups 
of rats. SHR had lower carbon dioxide tension than 
did WKY when anesthetized with either halothane or 
enflurane (Table 4). 


Discussion 


The spontaneously hypertensive rats maintained el- 
evated mean arterial pressure throughout the exper- 
iment. The awake control group demonstrated that 
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Figure 1. Blood flow (ml/min) per gram of tissue in normotensive 
WKY and hypertensive SHR with 1 MAC halothane anesthesia. 
*P < 0.05 by analysis of variance. 


these animals are sensitive to external stimuli because 
by the end of the second hour in the restraining cage, 
both mean arterial pressure and heart rate had in- 
creased slightly. Further support of these data is the 
elevated plasma catecholamine levels seen in the awake 
SHR. Kopin et al. (15) likewise observed that the SHR 
had exaggerated responses to stress as demonstrated 
by elevated concentrations of plasma catecholamines. 
This exaggerated response to stress also appears to 
occur in humans with essential hypertension (16). 

Both halothane and enflurane decreased mean ar- 
terial pressure approximately 25% in the SHR. Be- 
cause cardiac output was similar with both anesthetic 
agents, the overall effect on total peripheral resistance 
was similar. This is demonstrated graphically in Fig- 
ure 3, where blood flow to various organs is plotted 
with each agent in the SHR. Except for the spleen, 
blood flow to the various organs in the SHR was sim- 
ilar with both agents. These data suggest no specific 
advantage of one agent over the other in this type of 
hypertension. 

Although minimal effects of halothane or enflurane 
could not be demonstrated on distribution of blood 
flow in the SHR, such is not true in the normotensive 
WKY. In the WKY, halothane and enflurane resulted 
in differences in flow to skin, muscle, and kidney. In 
each of these organs, blood flow was greater with 
enflurane than with halothane (Fig. 4). Enflurane’s 
more profound influence on peripheral resistance was 
also demonstrated in our previous report on nor- 
motensive Wistar rats (14). When one compares the 
blood flow to various organs in the WKY and SHR 
with one agent, differences are seen more readily. 
Halothane anesthesia results in small increases in blood 
flow to skin and muscle in the SHR (Fig. 1). Enflurane, 
in contrast, results in increases in blood flow to heart, 
skin, and muscle; and results in decreases in blood 
flow to the brain, lung (bronchial), kidney, and small 
bowel. Whether these alterations in distribution of 
blood flow are detrimental to organ function was not 
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Figure 2. Blood flow (ml/min) per gram of tissue in normotensive 
WKY and hypertensive SHR with 1 MAC enfiurane anesthesia. 
*P < 0.05 by analysis of variance. 


investigated in this study. Both agents increased blood 
flow to skin and muscle, which may represent an 
inappropriate distribution of blood flow to nonvital 
organs, similar to what we have reported in rats with 
renovascular hypertension (17). 

The effects of halothane and enflurane on the ar- 
terial pressure of the normotensive WKY were similar 
to those observed in SHR, but more profound. With 
similar MAC concentrations of halothane and enflur- 
ane, MAP decreased 40% in the WKY and only 25% 
in the SHR. Cardiac output was more significantly 
depressed with halothane than with enflurane, a find- 
ing that agrees with our previous reports on nor- 
motensive Wistar rats and humans (17,18). Because 
blood pressure decreased a similar degree with hal- 
othane and enflurane, but cardiac output was differ- 
ent, the effect of enflurane was to increase blood flow 
to the skin, muscle, and kidney. 

The response of the renin—angiotensin system to 
halothane or enflurane anesthesia was also dissimilar 
in the SHR and WKY. Although PRA was similar in 
both strains of awake rats, halothane and enflurane 
caused an increase in PRA in WKY only, the response 
being the greatest in WKY anesthetized with halo- 
thane. The increase in PRA most likely results from 
the decrease in mean arterial pressure seen with hal- 
othane. A similar decrease in pressure with enflurane, 
however, did not result in as large an increase in PRA. 
This difference between halothane and enflurane on 
renin release has been noted before (17). 

That the plasma renin response is an important 
factor in blood pressure support is demonstrated by 
the data obtained with saralasin, the angiotensin II 
antagonist. A significant decrease in MAP was seen 
with saralasin in WKY anesthetized with either agent, 
an expected finding with the elevation of PRA. The 
decrease in MAP in SHR anesthetized with halothane 
and enflurane, however, did not result in an increase 
in PRA. This would suggest that decreasing blood 
pressure in hypertensive rats by potent inhalational 
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Table 4. Arterial Blood Gases in SHR and WKY Breathing Room Air Plus Agent 
SHR WKY 
n Po, PCO pH n Po, PCO, pH 
Halothane 8 71.4 + 4.8 27.4 + 2.0 7.38 + 0.02 10 48.5 + 1.1 WIE L3 7.34 + 0.01 
Enflurane 10 65.2 + 2.8 26.2 + 1.5 7.40 + 0.02 8 63.8 + 3.5 J33 E-233 7.44 + 0.02 
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Figure 3. Blood flow (ml/min) per gram of tissue in hypertensive 
SHR with 1 MAC halothane or enflurane anesthesia. *P < 0.05 by 
analysis of variance. 


agents does not activate the various mechanisms re- 
sponsible for renin release from the kidney (19). How- 
ever, renin is known to exist in vascular smooth mus- 
cle as well as within the brain, areas not examined by 
the measurement of plasma renin activity (20,21). That 
angiotensin II is important in blood pressure control 
in the SHR anesthetized with halothane is well dem- 
onstrated by the decrease in MAP with the saralasin 
infusion. A tendency for MAP to decrease with sar- 
alasin was also seen with enflurane, but to a much 
lesser extent. This most likely represents the more 
profound effect of enflurane on peripheral resistance 
so that angiotensin II is relatively ineffective. 

A very similar degree of activity is seen in the 
renin—angiotensin system in the awake state in both 
WKY and SHR. Not only was PRA similar, but the 
response to saralasin did not result in significant 
changes in heart rate or blood pressure. Once alter- 
ations in blood pressure are caused by potent inha- 
lational agents, significant differences between WKY 
and SHR are seen. First, the plasma renin response 
is greater in the WKY and the negative feedback loop 
is easily identified (22). The SHR does not show these 
same characteristics. The data demonstrate that the 
measurement of PRA is a poor indicator of the degree 
of blood pressure support when potent inhalational 
agents are used to decrease blood pressure. Whether 
the saralasin is acting only on peripheral vascular 
smooth muscle directly or on other sites cannot be 
determined in this study. However, the response to 
saralasin in the SHR anesthetized with halothane could 


not have been predicted from the measurement of 
plasma renin activity alone. 

Certainly, other mechanisms are also known to 
support blood pressure and, therefore, we attempted 
to quantitate the importance of the sympathetic ner- 
vous system in these two strains of rats through the 
measurement of plasma catecholamine levels. Our data 
show that the norepinephrine levels in awake SHR 
are elevated compared with those of the awake WKY. 
The infusion of saralasin in the WKY resulted in an 
increase in catecholamines, which agrees with a known 
property of saralasin to stimulate catecholamine re- 
lease (23). Such an increase in catecholamines to sar- 
alasin was not found in the SHR. There was a ten- 
dency for halothane to decrease plasma catecholamine 
levels except in the SHR anesthetized with halothane. 
However, there was a much greater variability in the 
data obtained in the SHR than the WKY, suggesting 
that sympathetic nervous system activity is at a much 
higher degree. This may explain why no further in- 
crease in catecholamine levels in SHR was seen with 
saralasin. It should be noted that the WKY anesthe- 
tized with halothane, in whom the arterial oxygen- 
ation was the poorest, showed no evidence of in- 
creased sympathetic nervous system activity. Certainly, 
hypoxia alone is known to stimulate the catechol- 
amine response (24). Whether the catecholamine re- 
sponse itself is blocked by halothane or the stimulus 
was too weak was not examined in this study. 

The relative hypoxia seen in WKY anesthetized with 
halothane may have influenced our results. We were 
interested in examining only the anesthetic agent and 
not the effects of changes in arterial Po. When one 
examines blood pressure, heart rate, and catechol- 
amine responses to halothane or enflurane, similar 
results are found. The only difference seen is a slightly 
greater response in plasma renin activity and a lower 
cardiac output in WKY anesthetized with halothane. 

It would appear that the hypoxia did not result in 
significant changes in the variables measured and was 
unlikely to have altered our results. The fact that the 
arterial oxygenation was greater in the SHR than the 
WKY, suggests that the lower blood pressure and 
lower cardic output in the WKY anesthetized with 
halothane were the major determinants of the arterial 
oxygenation. 
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Figure 4. Blood flow (ml/min) per gram of tissue in normotensive 
WKY with 1 MAC halothane or enflurane anesthesia. *P < 0.05 by 
analysis of variance. 


In summary, halothane and enflurane anesthesia 
in spontaneous hypertensive rats results in predict- 
able changes in blood pressure and heart rate. The 
importance of the renin—angiotensin system in blood 
pressure control cannot be established through the 
measurement of plasma renin activity. Sympathetic 
nervous system activity as measured by plasma cate- 
cholamine concentrations had a tendency to be re- 
duced by both anesthetics except in SHR anesthetized 
with halothane. Distribution of blood flow to various 
organs is more affected by enflurane than by halo- 
thane when the normotensive WKY is used as the 
control. There was no evidence that major alterations 
in flow to any organ occurred, but individual organ 
function was not tested. Both halothane and enflur- 
ane anesthesia showed similar patterns of blood flow 
distribution in the spontaneously hypertensive rat. 
The present experiments support the hypothesis that 
the SHR is an acceptable model for use in investiga- 
tions of the effects of anesthetic agents and other drugs 
in order to have a better understanding of how to care 
for the patient with essential hypertension in the 
perioperative period. 
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Principles of Neuroanesthesia for the Nonneurosurgical Patient 


with CNS Pathophysiology 


Joseph M. Messick, JR, MD, Leslie A. Newberg, MD, Michael Nugent, MD, and 


Ronald J. Faust, MD 


Prevention of neuronal damage is essential in the an- 
esthetic management of all patients. Awareness of the 
importance of neuronal preservation is heightened in 
patients with underlying central nervous system pa- 
thophysiology, whether or not the operative proce- 
dure involves the brain or the spinal cord. 

Neurons perform the primary function of the brain 
and spinal cord—transmission of nerve impulses (1,2). 
This electrical function is intimately related both to 
perfusion and to cerebral metabolism, which involves 
aerobic oxidation of glucose (3). Because of inade- 
quate primary substrate stores (oxygen and glucose), 
neurons of the brain and spinal cord are highly de- 
pendent upon vascular perfusion for minute-to-min- 
ute delivery of these substrates (2,4—6). Oxygen (O2) 
delivery inadequate for O, demand causes neuronal 
hypoxia (defined as neuronal Poz below a critical level), 
which can produce cell damage. Because neurons re- 
generate poorly, damage to these cells can be 
irreversible. 

Neuronal hypoxia usually results from decreased 
O- delivery rather than increased O, consumption (7). 
Reduced O, delivery may be due to hypoxemia (de- 
creased arterial O, content, with an adequate cerebral 
blood flow), or to ischemia (pathologic decrease in 
cerebral blood flow, with no deficit in arterial O- con- 
tent) (7). The pathophvsiology and treatment are dif- 
ferent for these two causes of reduced O, delivery. 

This article addresses principles of neuroanesthesia 
designed to prevent neuronal hypoxia secondary to 
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ischemia. An abbreviated review of cerebral metab- 
olism, cerebral perfusion, and intracranial pressure 
(ICP) is followed by discussions of the application of 
principles of neuroanesthesia to patients who have 
cerebrovascular disease, increased (or the potential 
for increased) ICP, or increased risk of spinal cord 
ischemia. We review current information regarding 
brain protection and conclude with some remarks ad- 
dressing the management of the trauma patient from 
the neuroanesthesia perspective. 


Cerebral Metabolism 


The characteristic features of neuronal metabolism are 
high cellular energy demands utilizing adenosine tri- 
phosphate (ATP) energy obtained from obligatory 
aerobic glucose oxidation, no (O2) or minimal (glu- 
cose, glycogen) substrate reserves relative to con- 
sumption rates, and low concentrations of high en- 
ergy phosphate compounds (1,2,6). These character- 
istics render the brain highly dependent upon its cir- 
culation for minute-to-minute supply of its primary 
substrates, Oz, and glucose (2,4,6,7). 


CMRo, 


Published values for the cerebral metabolic oxygen 
consumption rate (CMRo,) of the normal human brain 
range from 2.9 to 4.0 ml of O, per 100 g of brain per 
min, with 3.3-3.5 (or approximately 50 ml/min in the 
1400-g brain of adult humans) representing an aver- 
age value (4). CMRO, values are greater in children, 
approximating 5 ml O2(100 g)~*-min~* in the middle 
of the first decade of life (4,5). CMRo, has two com- 
ponents. The majority (50-60% or more) of CMRo, 
subserves neuronal function, whereas a lesser portion 
is required for maintenance of cellular integrity (7). 
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CMRotucose 


Glucose, the other essential cerebral substrate, is 
transported from blood to brain by a stereospecific 
carrier-mediated transport mechanism (1) in which 
the role of insulin is controversial (1). At normal con- 
centrations of blood glucose, glucose transport is not 
the limiting factor for cerebral metabolism (1). Rather, 
because cerebral glucose (and glycogen) stores exceed 
cerebral O; stores, O, deficiency and not glucose de- 
ficiency causes loss of consciousness if cerebral cir- 
culation suddenly ceases (5,6). The normal cerebral 
metabolic rate for glucose (CMRgiucose) approximates 
4.5 mg-(100 g)~*min~? (8). Anesthesia appears to alter 
cerebral glucose transport by altering the cerebral 
metabolic rate and not by having a direct effect on 
the transport mechanism (1). 

Studies suggest that CMRO; and CMRgiucose decline 
by approximately 6-9% and 23%, respectively, in 
physically and mentally healthy elderly subjects, with 
no reduction in cerebral blood flow (CBF) (9). 


Effect of CO2 on Cerebral Metabolism 


CMRo, values do not change significantly with either 
elevated Paco, (to a Paco» of 80 mm Hg in dogs (10), 
51 mm Hg in humans (11)) or decreased Paco, (25 
mm Hg in humans (11)), although the ratio of CMRo, 
to CMRyiucose changes at either extreme (10-12). Sub- 
sequent studies have shown that hypercapnia is ac- 
companied by a decrease in CMRgjucose (11,12). 

Healthy adult male volunteers anesthetized with a 
thiopental (5 mg/kg)—70:30 nitrous oxide/oxygen 
mixture—curare technique had decreased aerobic and 
increased anaerobic cerebral metabolism during hy- 
pocapnia (Paco, < 20 mm Hg) (13). Possible mech- 
anisms suggested by the authors included CBF de- 
creased below a “critical” level, decreased O, transfer 
due to respiratory alkalosis, a specific effect of hy- 
pocapnia or alkalosis on cerebral metabolism, and a 
combination of these mechanisms. Note that in the 
presence of increased cerebral metabolic requirements 
or of compromised cerebral perfusion (or of both), 
relative hypocapnia at a Paco, greater than 20 mm 
Hg (or higher comparable levels in patients with chronic 
hypercapnia) could produce more anaerobic cerebral 
metabolism. 


Seizures 


Hypermetabolic states such as epileptiform activity 
greatly increase neuronal O, demand. 


Ischemia 


Ischemia results when blood flow is inadequate for 
the metabolic demands of the tissue and includes in- 
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adequate delivery of O, and other substrates, inad- 
equate removal of CO2, and increased production of 
lactic acid secondary to a shift from aerobic to anaer- 
obic metabolism. Large reductions in perfusion can 
be tolerated if the tissues can increase their O, ex- 
traction from the blood sufficiently to meet O, de- 
mands (14). When maximum O; extraction is reached, 
however, further decreases in perfusion result in 
ischemia. 

Cerebral’ ischemia may be subdivided into com- 
plete and incomplete ischemia. In complete ischemia 
(that is, cerebral circulatory arrest) there is rapid de- 
pletion of high-energy phosphates, failure of mem- 
brane ion pumps (leading to potassium ion efflux and 
influx of sodium, water, and chloride ions), and mem- 
brane depolarization (15). Irreversible cell damage may 
occur within minutes if corrective measures are not 
taken. In incomplete ischemia, the outcome largely 
depends on residual perfusion and O; supply relative 
to Oz demand (15). With the exception of the ischemia 
associated with cardiac arrest, it is incomplete ische- 
mia with which the anesthesiologist deals and upon 
which we will focus. 


Critical Cerebral Blood Flow 


The CBF below which cerebral ischemia occurs has 
been termed the critical CBF. As noted earlier, O, 
availability rather than blood flow per se is the es- 
sential element for tissue function. Because brain stores 
of O, and glucose are minimal, however, perfusion 
is critical for maintenance of neuronal function. As 
CBF decreases, a flow level is reached above which 
cortical electrical function is sustained and below which 
it is abolished. This threshold of electrical failure oc- 
curs in humans at hemispheric flow rates of 16-17 
ml.(100 g)~'-min~? (15). In baboons, cortical evoked 
somatosensory potentials are abolished at local flow 
rates below approximately 15 ml.(100 g)~?«min~? (15). 
Using the electroencephalogram (EEG) as a monitor 
of cortical activity,* Sharbrough et al. (16) found EEG 
evidence of ischemia when regional CBF (rCBF) (mid- 
dle cerebral artery distribution) was less than 18 ml-(100 
g)~\min~? during halothane-N,O:O, anesthesia in 
normocapnic patients undergoing carotid endarter- 
ectomy. No EEG evidence of ischemia occurred at 
rCBF > 24 ml-(100 g) 'min`t. In a review of 1145 
carotid endarterectomies performed during general 
anesthesia (halothane or enflurane-N2O:O,) and nor- 


‘The same principles apply to neurons whether they are in the 
brain or the spinal cord. 

?The EEG has proved to be a reliable indicator of cortical function 
and hence of cortical ischemia during appropriate levels of general 
anesthesia and Paco, (16,17). 


at 


PRINCIPLES OF NEUROANESTHESIA 


mocapnia, EEG changes correlated well with reduc- 
tion in rCBF below the critical flow (defined as the 
rCBF required to maintain a normal EEG) (17). Be- 
cause EEG changes invariably occurred at rCBF < 10 
m}(100 g)~'smin~', usually occurred at rCBF < 15, 
and never occurred at rCBF > 24, the authors con- 
cluded that, during normocapnia and general anes- 
thesia with halothane or enflurane, critical rCBF is 
approximately 15 ml.(100 g) 'smin~' (17).° 

At the threshold of electrical failure, cerebral en- 
ergy stores approximate normal levels, and potassium 
ion concentration ([K*]) in the extracellular fluid (ECF) 
is normal or only slightly elevated, although the rate 
of ion pumping already is affected (15). 

As CBF declines further, a threshold of energy fail- 
ure and ion pump failure is reached, below which 
there is massive efflux of K* from damaged cells (15) 
and an influx of calcium. This critical threshold occurs 
at a CBF of approximately 10 ml(100 g)~'-min~’ in 
the baboon. The ischemic brain between the two 
thresholds may be characterized by electrical silence, 
normal or slightly elevated ECF [K*], and moderate 
energy failure, which, however, does not result in 
neuronal damage (15). Such tissue forms a ring (the 
penumbra) around the densely ischemic center of fo- 
cal ischemia (15). Because the penumbra contains vi- 
able brain tissue, measures that maintain or improve 
perfusion, stabilize membranes, or reduce energy needs 
may be critical in terms of outcome (15). Autoregu- 
lation (see the autoregulation section below) is lost in 
this area, and perfusion is passively dependent on 
cerebral perfusion pressure (CPP). Hypotension must 
be avoided. Induction of the inverse-steal phenom- 
enon (see the CBF regulation section below) has been 
advocated by some (15) to promote flow in the region 
of vasomotor paralysis. 


Cerebral Circulation 
Anatomy 


Two general types of arteries supply the cerebral 
hemispheres: conducting vessels and penetrating ves- 
sels (18). Conducting arteries essentially are nonre- 
sistance vessels that include the carotid, middle ce- 
rebral, anterior cerebral, vertebral, basilar, and pos- 
terior cerebral arteries, together with their major and 
minor branches (17,18). These vessels provide ade- 
quate perfusion pressure to the resistance vessels— 
the penetrating or nutrient arterioles that enter the 
brain parenchyma at right angles to the surface ves- 


`It should be emphasized that the critical cerebral blood flow 
may vary with different anesthetics and may be different during 
isoflurane anesthesia than during enflurane or halothane anesthesia. 
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sels and are the site of primary autoregulation of CBF 
(18). Although both the conducting vessels and the 
parenchymal microvasculature receive autonomic in- 
nervation, the functional roles of autonomic control 
have not been delineated (19-21). Neurogenic tone is 
not essential to normal CBF regulation. Maximal sym- 
pathetic nerve stimulation produces only a reduction 
of 5-10% in CBF; a similarly moderate vasodilator 
response follows maximal parasympathetic stimula- 
tion. Neurogenic control, however, may be important 
in regulating cerebrovascular volume and thus, in- 
directly, ICP (19). 

The thin-walled, valveless cerebral veins drain into 
relatively thick-walled dural sinuses. The site of entry 
of a cerebral vein into a dural sinus anatomically pre- 
sents a relatively fixed orifice and physiologically pre- 
sents a significant resistance to flow. Because cerebral 
venous pressure must slightly exceed cerebrospinal 
fluid (CSF) pressure for venous blood to flow, pres- 
sure in the intracerebral veins must be higher than 
that in either the dural sinuses or the internal jugular 
vein bulb (20). When calculating CPP, therefore, mean 
ICP, the best approximation of true intracranial ce- 
rebral venous pressure, is subtracted from mean ar- 
terial pressure (MAP): CPP = MAP — ICP. 


Cerebral Blood Flow 


CBF is directly proportional to CPP and inversely pro- 
portional to cerebrovascular resistance (CVR): CBF = 
(MAP — ICP)CVR. The primary component of CVR 
is vessel diameter. Blood viscosity is a secondary 
component. 

Normal human CBF is 45-60 ml.(100 g)~ min~? (1), 
with 54 ml{100 g)"'smin™' reported as an average 
figure for adult humans (22). CBF is higher in gray 
matter than in white matter; cortical blood flow is 
approximately 80 ml.(100 g)~'smin™~'. CBF is higher 
in children (1,4), as is CMRO, (see the cerebral me- 
tabolism section above). 


CBF Regulation 


Present knowledge suggests that two basic mecha- 
nisms are involved in CBF control: myogenic control 
and chemical control (change in hydrogen ion con- 
centration in the ECF of smooth muscle cells in the 
arteriolar walls). 


Autoregulation. The ability of the vasculature in 
normal brain to alter its resistance so that CBF remains 
relatively constant over a wide range in CPP is termed 
autoregulation (Fig. 1). Discussion of proposed mech- 
anism(s) of autoregulation is beyond the scope of this 
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Figure 1. Relationship of cerebral blood flow (CBF) to perfusion 
pressure (PP), Paco, and Pao2. (From Michenfelder JD. The ce- 
rebral circulation. In: Prys-Roberts C, ed. The circulation in anaes- 
thesia: applied physiology and pharmacology. Oxford: Blackwell 
Scientific Publications, 1980:209-25. By permission.) 


review. Of clinical importance, however, is the fact 
that cerebral arterioles (parenchymal vessels, as noted 
above) constrict when CPP increases and dilate when 
CPP decreases. The limits of autoregulation in normal 
humans are at a CPP of approximately 60 mm Hg at 
the lower end and 150-160 mm Hg at the upper end 
(20), although one author has suggested that the up- 
per limit in normotensive humans occurs at an MAP 
of approximately 130 mm Hg (19). Beyond the limits 
of autoregulation, CBF becomes passively dependent 
upon CPP. When CPP increases above the upper limit 
of autoregulation, it exceeds the ability of the cerebral 
vasculature to constrict; CBF becomes directly related 
to, and passively dependent on, CPP, and the risks 
of cerebral edema or hemorrhage or both are increased. 

The lower limit of CBF autoregulation is at a CPP 
below which maximal cerebral vasodilation has oc- 
curred and is inadequate to preserve flow, and CBF 
again becomes passively dependent on CPP (Fig. 1) 
(20). Note that this loss of autoregulation does not 
necessarily imply cerebral ischemia, but only that flow 
is directly related to CPP (see the critical cerebral blood 
flow section above). Based upon the idealized auto- 
regulation curve, in patients with normal cerebral ves- 
sels, CPP theoretically can decrease by approximately 
30% before the lower limit of autoregulation is reached 
(Fig. 1). This rule-of-thumb is useful clinically when 
planning the anesthetic management of a hyperten- 
sive, as well as a normotensive, patient. 

In patients with chronic hypertension but without 
neurologic deficits, resting CBF is the same as in nor- 
motensive patients and is autoregulated. The auto- 
regulatory curve is shifted to the right, however, plac- 
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ing both the upper and lower limits of autoregulation 
at higher perfusion pressures (23). A recent study in 
rats suggests that long-term antihypertensive therapy 
may reverse this shift (207). It is believed that the per- 
sistent high pressure produces adaptive changes in 
the form of arteriolar wall hypertrophy (19). In acute 
hypertension, this morphologic change has not oc- 
curred and the autoregulation curve is not shifted to 
the right. Note that increased sympathetic activity 
also temporarily shifts the autoregulatory curve to the 
right (1). 

Autoregulation occurs only when cerebral vessels 
are intact and the brain is not damaged. It is abolished 
by hypercapnia, high concentrations of volatile an- 
esthetics, hypoxia, trauma, and focal ischemia (1). 
Autoregulation usually is present during light levels 
of general anesthesia; this has been demonstrated with 
inhalation agents and is presumed to be true with 
intravenous agents such as barbiturates and narcotics. 


Chemical regulation. ARTERIAL CO, PARTIAL PRESSURE 
(Paco). Normal cerebral vessels respond to changes 
in Paco, by dilating when Paco; increases and con- 
stricting when Paco, decreases. During normoxia, for 
the same CPP there is a fourfold change in CBF be- 
tween Paco, 20 mm Hg and Paco, 80 mm Hg (Fig. 
1). The primary mechanism involved in cerebrovas- 
cular response to change in Paco, or localized cerebral 
metabolic rate is believed to be a change in hydrogen 
ion concentration ([H*]}) in the ECF fluid of the smooth 
muscle cells in the arteriolar walls (20). Because CO, 
is unionized as a gas, and can readily diffuse into and 
out of the ECF, CO, is the most readily available clin- 
ical means of altering ECF [H*] and thereby affecting 
CVR. Other determinants of the ECF [H*] include 
CO, produced by local cerebral metabolism, CSF bi- 
carbonate ion concentration ([HCO;~]), and lactic acid 
in pathologic states (20). In chronic hypercapnia or 
hypocapnia, CBF tends to return toward normal as 
adjustment in CSF [HCO 37] returns ECF [H* ] toward 
normal (20,24). Measurable adaptation to change in 
Paco, begins within 4—6 hr (20); complete adaptation 
requires 24—36 hr (20). 

Although the direct effect of CO, on ECF [H*] in 
vascular smooth muscle is an important mechanism 
by which CO, affects CVR, it neither explains all re- 
ported observations concerning cerebrovascular CO3 
reactivity nor excludes other concomitant mecha- 
nisms. Observations in humans (1,25) and animals 
(1,25,26) indicate that neuronal reflexes influence the 
response of CBF to changes in Paco. In experimental 
preparations sympathetic stimulation decreases CBF 
during hypercapnia, whereas cervical sympathec- 
tomy enhances the response of CBF to hypercapnia; 
discrete brainstem lesions reduce the response of CBF 
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to hypercapnia; and a decrease in cerebral metabolism 
lowers the cerebrovascular CO, reactivity, presum- 
ably through autonomic pathways (1,25,26). In an- 
esthetized cats, the change in CBF for each one mm 
Hg change in Paco, varies in different parts of the 
brain (prosencephalon > cerebellum > brainstem> 
cervical cord > thoracic cord), correlating reasonably 
well with levels of tissue metabolism in these areas 
(25). . 


IONIC, NEUROGENIC ACTIONS. Changes in ion flux 
also influence CBF regulation. Among the findings of 
the perivascular microperfusion work of Betz and 
Csornai (27) are that increases in [H*] or [K*] cause 
pial arterial dilation while an increase in [Ca** ] causes 
pial arterial constriction. 


ADENOSINE. Adenosine may contribute to the ce- 
rebral vasodilation associated with cerebral hypoxia 
(1). The enzyme that dephosphorylates adenosine 
monophosphate (AMP) to form adenosine is bound 
to the cell membrane (1). It is hypothesized that aden- 
osine formed from AMP can cross the cell membrane 
and enter the ECF; an increased efflux of adenosine 
into ECF is associated with hypoxia (1). Once in the 
ECF, adenosine could act on resistance vessels to 
produce vasodilation. One problem with this hy- 
pothesis is that increased AMP would be required for 
increased formation of adenosine to occur, yet in- 
creased accumulation of AMP has not been found at 
hypoxic levels associated with maximal vasodilation 


(1). 


“Luxury Perfusion”; Paradoxical Response to PacOz. As 
noted earlier, local accumulation of acid metabolites 
in areas with marginal perfusion causes cerebral ves- 
sels to dilate. Vasodilation of this type is termed vaso- 
motor paralysis (8); the ability of the vessels to re- 
spond to changes in either perfusion pressure or Paco, 
is impaired or abolished, and flow is passively de- 
pendent on perfusion pressure. In this circumstance, 
normal or elevated perfusion pressure can produce 
flow that is ““supernormal” relative to CMRO , a phe- 
nomenon termed the “luxury perfusion syndrome” 
(8). If, in the absence of hypotension, CVR decreases 
in nonischemic regions of the brain (that is, in the 
“normal” cerebral vessels), blood may be shunted 
away from the area of vasomotor paralysis; such 
shunting has been termed the “intracerebral-steal 
syndrome” (8). If CVR increases in the normal ves- 
sels, blood may be shunted into the area of vasomotor 
paralysis, a phenomenon referred to as the “‘inverse- 
steal” or “Robin Hood” syndrome (8). 

Vasomotor paralysis can occur within ischemic areas, 
around a tumor or area of infarction, or distal to vas- 
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cular occlusions (8). Caution must be exercised in con- 
trolling MAP in patients in whom vasomotor paralysis 
may be present, because flow is passively dependent 
on perfusion pressure. 

Clinically, CVR is affected in normal vessels pri- 
marily by altering Paco2. Although the potential for 
the paradoxical response to Paco, always must be 
considered in patients, it is important to remember 
that altering the Paco, does not produce either “steal” 
or “inverse-steal” in every patient with regional ab- 
normalities of the cerebral circulation (8). Moreover, 
there is no practical clinical technique for measuring 
or predicting preoperatively in individual patients with 
vasomotor paralysis what will happen to CBF distri- 
bution when Paco, is changed. Recognizing the con- 
comitant theoretical advantages and disadvantages of 
hypercapnia and hypocapnia in groups of patients 
with vasomotor paralysis, as well as our inability to 
predict CBF changes in an individual patient, we in- 
corporate normocapnia in our anesthetic manage- 
ment of patients with ischemic cerebrovascular prob- 
lems (for example, those undergoing carotid end- 
arterectomy). 

Rogers et al. (28) recently reported that chronic 
cigarette smoking apparently directly affects the cere- 
brovascular system, reducing flow to the gray matter 
before symptoms of cerebrovascular insufficiency be- 
come apparent. This effect may involve an affect on 
cerebral arteriosclerosis. 


Anesthetic Effects on CMRO, and CBF 


Autoregulation of CBF usually is present during light 
levels of general anesthesia but may be impaired or 
abolished by deep levels of anesthesia (see the CBF 
regulation section above). Cerebrovascular response 
to change in Paco; is retained and probably enhanced 
during anesthesia with inhalation agents; the slope 
of the CO, response curve is steeper, although the 
plateau levels are not altered significantly (Fig. 2) (20). 
At a mean end-tidal halothane concentration of 0.98%, 
CBF in humans varies linearly with Paco, between 
20 and 50 mm Hg (Fig. 3). During anesthesia with 
intravenous agents, CO, responsivity is decreased. 
Anesthetic agents alter the metabolic rate of neurons 
only to the degree that they alter neuronal function 
(7). They have no significant effect on that portion of 
CMRo, related to maintenance of cellular integrity. 
The relative effects of anesthetic agents on CMRo, 
and CBF are summarized in Table 1. 


Intravenous Agents 


Barbiturates. Barbiturates affect the cerebral metab- 
olism only of functioning neurons, in which they de- 


148 ANESTH ANALG 
1985;64:143~74 





100 
20 % Cyclopropane 
90 
80 
70 12% Halothane 
€T 
E£ 60 
£ 
Eh 
S -50 
SN 
E€ Awoke 
Le 40 70 % Nitrous Oxide 
© 
30 
20 
IO 
O IO 20 30 40 50 60 70 


Paco, (torr) 


Figure 2. The sensitivity of CBF to Paco. “awake” and anesthe- 
tized. The “awake” line was adapted from the data of Kety and 
Schmidt (22). Modification was necessary because those workers 
reported higher normocapnic CBF and CMRo, values with the 
older form of the N,O-uptake technique for CBF determination 
than those presently obtained using %Kr and venous extrapolation. 
Their CBF values, therefore, were multiplied by the factor: CMRO, 
with extrapolation technique/CMRo, with original technique = 0.658, 
so that comparison on the same basis would be possible. “Awake” 
data obtained with the modified technique are not available. (From 
Smith AL, Wollman H. Cerebral blood flow and metabolism: effects 
of anesthetic techniques. Anesthesiology 1972;36:378~-400. By per- 
mission of JB Lippincott Company.) 


press cerebral activity and reduce CMRo; in a dose- 
dependent manner (1,29). If Paco. is maintained con- 
stant, CBF decreases in parallel with CMR, (1,30). 
The presumed mechanism is a decrease in neuronal 
function leading to a decrease in O2 demand resulting 
in an appropriate decrease in CBF. At levels of anes- 
thesia that are adequate for surgery, CMRO, in hu- 
mans decreases 36-45%. Slowing and burst suppres- 
sion appear on the EEG at approximately 60% of normal 
CMRo,. In dogs, Michenfelder demonstrated that an 
infusion rate of thiopental of 2 mg-kg~*smin~' produced 
an isoelectric EEG at a CMRO, that was 46% of control 
and that continuing the infusion (with cardiovascular 
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Figure 3. Cerebral blood flow as a function of Paco, during hal- 
othane anesthesia in normal man. The awake point represents the 
mean value measured by the same method in normal conscious 
man (44.4 ml-(100 g)~'-min™'). (From Alexander SC, Wollman H, 
Cohen PJ, Chase PE, Behar M. Cerebrovascular response to Paco, 
during halothane anesthesia in man. J Appl Physiol 1964;19:561-5. 
By permission of the American Physiological Society). 


support by extracorporeal circulation) resulted in no 
further decrease in CMRO> (31). Studies using other 
barbiturates show a similar dose-dependent depres- 
sion of CMRO,, presumably secondary to barbiturate- 
induced depression of neuronal activity. It has been 
postulated that barbiturates decrease membrane ex- 
citability and impulse traffic and thereby decrease the 
demand for ATP production (29). 


Benzodiazepines. CNS effects of benzodiazepines 
include serotonin antagonism, release of y-amino- 
butyric acid (GABA) and facilitation of its neuronal 
activity, and decreased release or turnover (or both) 
of acetylcholine (32). Most reports indicate that ben- 
zodiazepines decrease CBF and CMRO2. Comparison 
of different studies is complicated by differences in 
drug dosages, patient populations, and study protocols. 


DIAZEPAM. In comatose patients with diffuse brain 
damage due to head trauma, in whom CMRo, was 
low, the intravenous administration of 50 mg of di- 
azepam decreased CMRo, an additional 25% (33). 

In eight patients without permanent neurologic 
symptoms and with normal carotid arteriograms and 
normal awake CBF values, the intravenous admin- 
istration of 10 mg of diazepam plus 10 yg of fentanyl 
per kg, in the presence of 60% nitrous oxide, reduced 
CBF by 34% and CMR0o, by 34.5% (34). 

Compared with control anesthetic conditions 
(60-70% nitrous oxide and <0.1% inspired halothane) 
the intravenous administration of 0.3 mg of diazepam 
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Table 1. Relative Effects’ of Anesthetic Drugs on CBF 
and CMRo, 


Drug CBF CMRo, CBF/CMRo, 


Halothane 
Enflurane 
Isoflurane 
Methoxyflurane 
Cyclopropane 
Ether 

N-O 
Barbiturates 
Narcotics 
Droperidol 
Ketamine TT? ?- 
Althesin Lt tot 
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Key: f T ft, greatly increased; ¢ fT, moderately increased; 7, mildly 
increased; ? f, possibly increased (data not firm); —, no change; | f, bi- 
phasic effect, with initial decrease followed by increase; | , mildly decreased; 
| |, moderately decreased. 

From Michenfelder JD. The cerebral circulation. In: Prys-Roberts C, ed. 
The circulation in anaesthesia: applied physiology and pharmacology. Ox- 
ford: Blackwell Scientific Publications, 1980:209-225. By permission. 


per kg produced no significant decrease in canine 
CMRo, but decreased CBF by 45-50% (P < 0.05) (35). 
It should be noted that the control CBF in this study 
was high (119 ml-min~ ‘(100 g)~’). Diazepam, 3 mg/kg, 
decreased CMRo, by approximately 20% and CBF by 
approximately 55-60%, whereas 7.5 mg/kg decreased 
CMRo, approximately 28% from control but did not 
produce significantly different changes in CBF or MAP 
compared to the 3 mg/kg dose (35). Substitution of 
nitrogen for N2O did not produce significant differ- 
ences in CMRoO, or CBF. 


MIDAZOLAM. In eight healthy adult volunteers, the 
intravenous administration of 0.15 mg of midazolam 
per kg decreased CBF by 33% (39% when corrected 
for a Paco, of 40 mm Hg) (36). All subjects slept after 
the midazolam injection was given, and all had an- 
tegrade amnesia lasting approximately 25 min (36). 

In dogs anesthetized with 60-70% N2O and <0.1% 
halothane, 0.2 mg/kg of midazolam produced no sig- 
nificant change in CMRo, but decreased CBF ap- 
proximately 45% from control (60-70% N2O, <0.1% 
halothane) (35). MAP decreased approximately 29%. 
Subsequent increasing doses (2.0, 5.0, and 10.0 mg/kg 
of midazolam) resulted in 24%, 34%, and 40-45% de- 
creases in CMRo,, respectively, accompanied by 
64-70% decreases in CBF. MAP decreased approxi- 
mately 40% with a 2 mg/kg dose and did not decrease 
beyond this point with subsequent doses (35). The 
significant decrease in CBF after the initial doses of 
diazepam and midazolam may be explained on the 
basis of the elevated control CBF values, presumably 
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due to the use of NO. In the absence of N-O in the 
same canine model, a similar dose of diazepam 
produced declines of approximately 15% in both CBF 
and CMRo, (37). 


LORAZEPAM. In conditioned monkeys, lorazepam, 
4 mg/kg (a very high dose compared to clinical use in 
humans) administered intravenously, decreased CBF 
by 26%, CMRO- by 21-30%, and CMRetucose by 42% 
(38). Lorazepam reduced CBF and metabolism in every 
monkey. It is interesting that such uniformity of re- 
sponse has not been reported with diazepam, per- 
haps because of differences in species, dose levels, or 
experimental conditions (39). Reportedly, lorazepam 
is more potent and better absorbed after intramus- 
cular injection than diazepam and has a more pro- 
longed duration of action than does diazepam after 
intravenous administration. 

Although in some animal species benzodiazepines 
tend to reduce CBF more than CMRo,, we are not 
aware of any evidence that this occurs in humans. 
Benzodiazepines in appropriate doses can be used as 
anxiolytic agents in patients with neurologic prob- 
lems, and have been used to treat seizures. Once 
absorbed, benzodiazepines can produce greater ef- 
fects on the central nervous system in the elderly 
(defined as 65 years old or older by Thompson et al. 
(38)) because of increased sensitivity of target organs 
and impaired drug disposition (38).* In the elderly or 
in patients with hepatic or renal impairment, short- 
acting benzodiazepines are preferable to long-acting 
ones and the recommended dosage is 30-50% of that 
for younger patients (38). 

Because of the relationship between CBF and Paco, 
it is important to evaluate the respiratory effects of 
pharmacologic agents that may be used in patients 
with CNS pathology. In seven healthy volunteers, 
neither 0.15 mg of diazepam nor 0.075 mg of mida- 
zolam per kg (30-sec intravenous infusion) produced 
statistically significant respiratory depression (40). 
Minimal values of the slope of the CO, response curve 
occurred 15 min after diazepam injection and 3 min 
after midazolam injection. 


Narcotics. The effects of narcotics on CMRO, and 
CBF, particularly in humans, are not well defined 
(20,41). Results vary in different studies. In general, 
in the absence of significant changes in Paco, or tem- 


‘Drug disposition in the elderly often is changed significantly 
due to decreased lean body mass and total body water, increased 
total body fat, and decreased serum albumin (38). Elimination half- 
life frequently is increased owing to increased volume of distri- 
bution or decreased clearance (38). 
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perature, premedicant doses of narcotics do not sig- 
nificantly alter CMRO, or CBF. In large doses (for 
example, morphine =1 mg/kg), morphine and me- 
peridine depress CMR), slightly (1). 


MORPHINE. In normocapnic, normothermic dogs 
receiving <0.1% halothane with a 70:30 mixture of 
N2O and O2, incremental doses of 0.2 mg/kg of mor- 
phine decreased CMRO, by 15% at a total morphine 
dose of 1.2 mg/kg, with no further decrease in CMRo> 
at doses of 2.0 and 3.0 mg/kg (42). CBF decreased to 
30% and 50% of control at doses of 0.2 and 0.6 mg/kg, 
respectively (42). Cerebral metabolic pathways ap- 
peared to be unaltered, with no change in the oxy- 
gen—glucose index (OGI) (42). 

Using a hydrogen clearance technique, Matsumiya 
et al. (43) reported that the intravenous administra- 
tion of morphine (1 mg/kg) produced statistically sig- 
nificant decreases in canine CBF, CMR0O,, and 
CMRotcose. Thirty minutes after morphine adminis- 
tration, CBF was 78 + 13% of control, CMRo, 70 + 
17%, and CMRgiucose 56 + 18%. At 60 min, CBF was 
73 + 14% of control, CMRO2 74 + 25%, and CMRgi,. 
cose 00 + 12%. Naloxone (40 g/kg) administered in- 
travenously 60 min after the morphine returned CBF, 
CMROo:, and CMRotucose to control levels (43). In a 
separate experiment this dose of naloxone alone did 
not produce any significant change in CBF, CMRo,, 
or CMRejucose, but did block the effect of subsequent 
intravenous administration of 1 mg/kg morphine on 
CBF and CMRgiucose (43). The subarachnoid admin- 
istration of 0.2 mg/kg of morphine produced no sig- 
nificant changes in CBF, CMRO2, or CMRgtucose (43). 


MEPERIDINE. Meperidine (2 mg/kg) administered 
intravenously to normocapnic dogs anesthetized with 
halothane (0.8-0.9% end-expired) and O, produced 
a decrease of 13% in CMRo, with no significant change 
in CBF (44). 


FENTANYL. In normocapnic, artificially ventilated 
rats, intravenously administered fentanyl in doses of 
25, 50, 100, 200, or 400 ug/kg produced dose-related 
decreases in both CMRo, and CBF (41). Maximal 
depression occurred at 100 ug/kg, at which CMRo, 
and CBF were depressed by 35% and 50%, respec- 
tively (41). Previous work involving smaller doses of 
fentanyl (generally 5 g/kg or less) suggested no sig- 
nificant change in CMRO, (1,41). In dogs initially an- 
esthetized with pentobarbital (30 mg/kg intrave- 
nously), fentanyl (25 ug/kg intravenously) did not 
produce a significant change in CBF or CMR0O,, did 
not alter the cerebrovascular responses to hypoxia or 
hypercapnia, and did not alter the upper or lower 
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limits of cerebral autoregulation (45). To study auto- 
regulation, blood pressure was lowered by hemor- 
rhagic hypotension and increased slowly by intra- 
venous infusion of norepinephrine (45). During 
hypoxia, CBF increased sufficiently to maintain O, 
delivery. (45). 


Droperidol. The effects of neuroleptic agents on CBF 
and CMRo, have not been defined in humans (20). 
Clinical evidence suggests that they decrease CBF, 
with little change in CMRO, (20). 


Etomidate. Etomidate decreases CBF and CMRo- in 
humans (46). This is accompanied by pronounced 
suppression of cortical electrical activity noted on the 
EEG (47). As with the other anesthetics, the presumed 
mechanism of action is depression of cerebral meta- 
bolic rate secondary to the decrease in cortical elec- 
trical activity. In seven patients, etomidate (intrave- 
nous 15-mg bolus for 1 min, followed by infusion at 
2-3 mg/min) produced statistically significant de- 
creases of 36% in CBF and 45% in CMRo,, with no 
significant change in MAP, Paco, Pao, or arte- 
rial-venous O, content difference (C(a—v)O,) (46). In 
anesthetized (propranolol, N.O, O2, 0.1-0.4% halo- 
thane), ventilated patients, etomidate (0.2 mg/kg) 
produced a significant reduction of 32-34% in CBF 30 
sec after injection but no significant change in CBF at 
5 and 10 min after the injection (48). By comparison, 
methohexitone (1 mg/kg) significantly reduced CBF 
by 43-45% at 30 sec and 22% at 5 min but produced 
no significant change at 10 min; whereas thiopental 
(4 mg/kg) significantly reduced CBF by 44% at 30 sec, 
44% at 5 min and 45% at 10 min. Wagner et al. (49) 
recently reported that the use of etomidate can be 
followed by inhibition of adrenal steroidogenesis; the 
clinical implications are not clear at this time. 


Ketamine. Significant abrupt increases in CBF 
produced by ketamine do not depend upon increased 
MAP (20). In humans, ketamine has no significant 
effect on CMRO,, but in dogs, an increase in CMRO, 
of 10% accompanies ketamine-induced increases in 
CBF (20). Intravenous ketamine (10 or 30 mg/kg) re- 
duced the local cerebral glucose utilization in some 
portions of the rat brain while increasing it in others 
(50). Local central glucose utilization decreased in the 
auditory and sensory-motor areas, but increased in 
the limbic system (largest increases), in the extrapyr- 
amidal motor system, and in the corpus callosum 
(50). These results are consistent with previous re- 
ports of ketamine-induced limbic seizure activity and 
with the auditory and somatosensory deprivation su- 
perimposed on an active but metabolically disorgan- 
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ized CNS, which are characteristic of ketamine “‘anes- 
thesia.” Ketamine directly dilates constricted segments 
of isolated strips from canine middle cerebral, basilar, 
and mesenteric arteries, apparently by mechanisms 
that do not involve adenosine, prostaglandins, cho- 
linergic receptors, or B-adrenergic receptors (51). 


Inhalation Agents 


N20. Because N2O is widely used in clinical prac- 
tice, and frequently in both the control and drug- 
study periods in experimental work, there is great 
interest in its effects on CMRO, and CBF. Unfortu- 
nately, considerable discrepancy exists in published 
reports, chiefly because of differences in experimental 
design (1). Results in humans suggest that 70% N20 
depresses CMRO, by 2—23%, depending on the con- 
ditions of the study (1). In normothermic, artificially 
ventilated, paralyzed, sympathectomized, vagoto- 
mized dogs, CMRo> increased 11% with 70% N20 over 
that with 70% N- (52). With halothane concentrations 
of 0.4 and 0.7%, CMRo, was greater with 70% N20 
than with 70% N>, but the difference was not statis- 
tically significant. N20, 60% administered to halo- 
thane-anesthetized dogs (53) and 70% to unmedicated 
goats (54), reportedly more than doubles CMRo, and 
CBF. Studies in B-blocked or adrenalectomized rats 
showed CMRo, and CBF to be similar with 70% N20 
or 70% N, (1). Clinical results suggest that 70% N2O 
has minimal effect, or no effect at all, on CMRo2 and 
CBF (1). 


Volatile Agents 


Halothane, Enflurane, and Isoflurane. Like the bar- 
biturates, halothane, enflurane, and isoflurane qual- 
itatively decrease CMRO,; unlike the barbiturates, they 
tend to increase CBF (20). The increase in the ratio of 
CBF to CMRo, (CBF/CMRo.,) is related to concentra- 
tion and is approximately linear (assuming CPP is 
maintained within the autoregulatory range) (20). The 
explanation for this “uncoupling” of the CMRO.—CBF 
relationship has not been clarified. Michenfelder noted 
that the uncoupling may represent a “resetting” of 
the CMRo2-CBF relationship because of higher tissue 
Po, demand (20). At equivalent minimum alveolar 
concentration (MAC) levels, halothane is a more po- 
tent cerebral vasodilator than enflurane or isoflurane 
in humans (20-25% CBF increase at 1 MAC), (1,20) 
and animals (55), whereas enflurane and isoflurane 
are more potent depressants of CMRO, (8,20,55). In 
cats anesthetized with 75% N.O-25% Oz, the addition 
of 1 MAC enflurane or isoflurane reduced CMRo, to 
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approximately 50% of control (55). The decrease in 
canine CMRo, with increasing MAC is nonlinear for 
halothane, enflurane, and isoflurane (30). The point 
at which the decline in the rate of CMRo, slows co- 
incides with the change in EEG voltage dominance 
from posterior to anterior cerebral hemisphere and 
approximates 0.4 MAC. 

At deeper levels of anesthesia with halothane, en- 
flurane, or isoflurane, the autoregulation of CBF is 
lost and flow becomes passively dependent upon per- 
fusion pressure (20). Cerebrovascular responsiveness 
to changes in Paco; is retained, however (19,56). Re- 
tention of CO, reactivity is of importance in patients 
in whom a potential increase in ICP due to increase 
in intracranial blood volume can be prevented by in- 
ducing hypocapnia before administering a volatile agent 
that is a cerebral vasodilator. 

That halothane in anesthetic concentrations de- 
presses CMRO, and is a cerebral vasodilator is estab- 
lished (1). The degree to which CMRo, is depressed 
varies considerably in different studies, however, ow- 
ing at least in part to differences in experimental tech- 
nique (for example, methods of measurement, type 
of anesthetic, induction, use of adjuvant agents) and 
species. In humans, 1% halothane reduced CMRo, 
by approximately 25% (20). In dogs, 0.5% halothane 
in 70% N2O reduced CMRO, by approximately 17% 
(57). High concentrations of halothane administered 
to dogs (with hemodynamic support by extracorpo- 
real circulation) affected CMRo, differently than did 
high doses of thiopental (58). Whereas continued in- 
fusion of thiopental beyond the isoelectric EEG point 
did not depress CMRo;+ below a “basal” 2.2 ml O2.(100 
g)~'min~! and did not produce abnormal levels of 
cerebral metabolites, concentrations of halothane above 
2.3% produced a dose-related decrease in CMRO; ac- 
companied by a dose-related reversible alteration in 
oxidative phosphorylation (58). Thus high concentra- 
tions of halothane potentially are detrimental (58). 

In the absence of electrographic seizures, 2-3.2% 
enflurane in man produced a decrease of 33-50% in 
CMRo, (1,59). No significant change in hemispheric 
CBF occurred during anesthesia with 2% enflur- 
ane—67:33 N2O and O; mixture—pancuronium anes- 
thesia (control: 67:33, N2O0:02-—pancuronium) after an- 
giography in adult patients without overt increased 
ICP (60). Systolic and mean arterial blood pressures 
decreased significantly (28 and 27 mm Hg, respec- 
tively), but diastolic pressure and cardiac output did 
not. In normocapnic patients in whom CPP was main- 
tained above 60 mm Hg (phenylephrine infusion as 
required), 2% enflurane produced no significant change 
in CBF, CMRO2, CMRgiucosey Or OGI (61). Enflurane 
(3.5%) produced a significant increase in CBF and a 
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significant (17%) decrease in CMRO2, with no signif- 
icant change in CMRgtucose or OGI (61). At 3.5% en- 
flurane, the EEG showed frequent spikes and 
suppression. Sakabe et al. (61) concluded that en- 
flurane is a cerebral vasodilator, increasing the CBF 
and decreasing the CMRo, at an anesthetic level that 
is characterized on the EEG by suppression and fre- 
quent spikes. 

In normocapnic, normothermic dogs, 2.2% enflur- 
ane decreased hemispheric CMRO, by 34% with no 
significant changes in CBF, CMRgtucoser Or OGI (59). 
There were no statistically significant changes in CSF 
pressure or CVR, although CVR tended to decrease. 
MAP decreased 34% (59). At an end-expired enflur- 
ane concentration of 2.2%, the CBF response to changes 
in Paco, was comparable to that for other halogenated 
anesthetic agents and was accounted for entirely by 
changes in CVR (59). As noted earlier, the CMRo, 
dose-response curve is nonlinear at concentrations of 
enflurane less than 1 MAC (canine MAC is 2.2% en- 
flurane). The EEG shifted from an “awake” to an 
“anesthetized” pattern between approximately 0.3 and 
0.4 MAC, at which time CBF was =90% of control 
and CMRo, was 80-85% of control (30). At 0.5 to 0.6 
MAC, with an “anesthetized” pattern on the EEG, 
CBF and CMRo, were approximately 85% and 72-75% 
of control, respectively (30). 

Seizure activity during enflurane anesthesia pre- 
sumably is minimized by avoiding hypocapnia and 
enflurane concentrations >1.5 MAC (59). Enflurane 
depresses tonic neuronal activity of the midbrain re- 
ticular formation, which may explain its epileptogenic 
effect (62). In 10 hypocapnic patients with normal 
hearing, statistically significant delays in brainstem 
auditory evoked response (BAER) latency occurred at 
2-3% enflurane (62). 

Among the volatile agents, isoflurane possesses 
some unique properties. Only isoflurane produces an 
isoelectric EEG pattern when administered in a clin- 
ical concentration (isoelectricity at 2 MAC: 2.4% in 
humans) that is tolerated hemodynamically (63). The 
cerebral metabolic effects of this concentration are 
similar to those of thiopental administered in doses 
sufficient to abolish EEG activity. Isoflurane produces 
dose-related decreases in CMROz. Once EEG isoelec- 
tricity (that is, “basal” CMRo,) is reached, however, 
further increases in isoflurane do not produce further 
decreases in CMRO, (63). At isoflurane-induced EEG 
isoelectricity, the cerebral metabolic energy profile re- 
mains normal (63). Unlike halothane, isoflurane in 
high concentrations appears to have no toxic effect 
on oxidative phosphorylation (63). 

At 1 MAC, isoflurane does not significantly in- 
crease CBF in man (64,65) but does (to between ap- 


MESSICK ET AL. 


proximately 120 and 133% of control) in dogs (64) and 
cats (55). In normocapnic, normotensive volunteers, 
no significant CBF change occurred at 0.6-1.1 MAC, 
but CBF doubled at 1.6 MAC isoflurane (65). This 
compares with a tripling of CBF at 1.6 MAC halothane 
(65). Because both isoflurane and halothane decrease 
CMRO,, the smaller increase in CBF with isoflurane 
than with halothane at a given MAC may be due to 
a smaller increase in vascular cyclic-AMP relative to 
ATP (65). No evidence of epileptogenic EEG activity 
or overt convulsive activity has been noted with iso- 
flurane, even with increasing depth or hypocapnia or 
both (64). 


Other Agents 


Catecholamines, Angiotensin, Adrenergic Antagonists. 
The blood brain barrier (BBB) separating the blood 
from the brain and CSF is located at the choroid plexus, 
brain and subarachnoid vessels, and arachnoid mem- 
brane. It is composed of cells (vascular endothelial, 
choroid plexus epithelial, arachnoid, and perineural) 
connected by tight junctions that restrict intercellular 
diffusion and thereby force solute exchange to occur 
through the cells. It regulates the composition of the 
microenvironment of neurons, axons, and glia (66). 

Normally, the tight intercellular junctions plus the 
presence of DOPA decarboxylase and monoamine ox- 
idase in the endothelial cells of the cerebral pericytes 
and capillary walls in the intact BBB prevent the pas- 
sage from blood to brain of small-to-moderate amounts 
of epinephrine, norepinephrine, dopamine, or sero- 
tonin (67). Under these circumstances, circulating 
catecholamines do not significantly affect CMRo2. If 
BBB permeability is increased (for example, by hy- 
pertension or osmotic disruption), epinephrine and 
norepinephrine can enter the brain (67-69) where they 
reversibly increase CMRO, (67). In unanesthetized pa- 
tients requiring regional CBF study and angiography, 
the injection into the internal carotid artery of epi- 
nephrine (2-10 g/min for 4-12 min), norepinephrine 
(0.2—20 wg/min for 4 to 12 min), or angiotensin (0.25-2 
g/min for 4-12 min) caused no significant change in 
regional or hemispheric mean CBF. The increase in 
MAP secondary to the intravenous injection of nor- 
epinephrine and angiotensin increased CBF in se- 
verely ill patients with cerebral tumors or apoplexy 
(70), presumably because of the loss of autoregulation 
and the presence of vasomotor paralysis. 

Most of the evidence suggests that systemically ad- 
ministered a- and -receptor agonists and antagonists 
do not significantly alter CBF (or CMRo,) unless their 
hemodynamic effects result in a CPP that exceeds the 
limits of autoregulation (20). As noted earlier, the BBB 
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probably is a significant element in the lack of effect 
of catecholamines on CBF and CMRo,j (20). 

Experimental studies are suggestive—but not de- 
clarative—of a neurotransmitter function for angi- 
otensin or an angiotensin-like peptide (71). In other 
experiments, angiotensin produced constriction of pial 
precapillary vessels and contraction of isolated seg- 
ments of the feline middle cerebral artery (72). 

Prostaglandins, Indomethacin. Cerebral blood ves- 
sels can synthesize prostaglandins, including pros- 
tacyclin (PGI) and all primary prostaglandins (74). 
The substrate for both thromboxane-A, and PGI, is 
the cyclic endoperoxide PGH; (74). Prostacyclin syn- 
thetase, the enzyme that converts PGH; to PGh, is 
located in the endothelium of blood vessels (75). 
Thromboxane synthetase, the enzyme that converts 
PGH; to thromboxane-A;, is found in platelets (74). 
PGI, is a vasodilator and potent inhibitor of platelet 
aggregation, whereas thromboxane-Az is the most po- 
tent cerebral vasoconstrictor known and stimulates 
platelet aggregation (73,74). At the normal 
blood—endothelial interface there may be a reciprocal 
relationship between intramurally generated PGI, and 
extramurally generated thromboxane-A, (73,74). In 
addition to their roles in normal CBF control, pros- 
taglandins and allied compounds appear to be in- 
volved in some cerebral pathologic states (73). Throm- 
boxane-A, may be a prime factor in cerebral vasospasm 
(73). Prostaglandins may be involved in the cerebral 
ischemia that follows head injury (73). 

Indomethacin is a cyclooxygenase inhibitor. When 
administered in doses of 1.5 or 4 mg/kg to dogs before 
ischemia produced by CSF compression, indometh- 
acin enhanced postischemia reperfusion (74). The 
administration of indomethacin after the induced is- 
chemia did not produce flows different from those in 
untreated dogs (74). In anesthetized Wistar rats, in- 
domethacin (10 mg/kg intravenously) decreased CBF 
but did not alter CMRo, (75). It curtailed the cerebral 
vasodilation produced by hypercapnia (Paco, ap- 
proximately 80 mm Hg) but not that due to hypoxia 
(Pao, approximately 25 mm Hg). Thus indomethacin 
influenced normal cerebrovascular tone and altered 
CBF-CMRo, coupling. 


Muscle Relaxants 


An ideal muscle relaxant should have rapid onset of 
action, no significant cardiovascular effects, no sig- 
nificant cumulative effects, minimal dependence on 
hepatic or renal elimination, a short duration of ac- 
tion, a wide margin between relaxant doses and doses 
that inhibit autonomic nervous sytem activity, and 
easy and dependable reversal of the muscle paralysis 
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(76,77). For endotracheal intubation of the patient with 
intracranial pathology, a relaxant with rapid onset 
and no significant cardiovascular effects is particularly 
important. In the patient with vasomotor paralysis 
and potential or overt intracranial hypertension due 
to a space-occupying mass, goals include the main- 
tenance of CPP while simultaneously avoiding an in- 
crease in intracranial blood volume, and the rapid 
production of profound muscle paralysis to avoid an 
increase in intracranial venous pressure and hence 
ICP (see the intracranial pressure section below). In 
a patient with the potential for neuronal ischemia due 
to cerebrovascular disease, the hemodynamic goal is 
to support or improve CPP by maintaining or mod- 
erately increasing MAP, again avoiding hypertension 
and its attendant intracranial risks in the patient with 
vasomotor paralysis. 

The ideal agent remains a goal. Because cumulative 
effects, duration of action, mode of elimination, and 
ease of antagonism are more related to systemic con- 
siderations than neurologic factors per se, we will 
focus on hemodynamic effects, rapidity of onset, and 
relative disadvantages and contraindications to dif- 
ferent relaxants in patients with neurologic problems. 


Succinylcholine. Succinylcholine frequently is cho- 
sen when rapid onset and short duration of neuro- 
muscular blockade are desired. Contraindications to 
the use of succinylcholine in patients with thermal 
trauma, direct muscle trauma, or neurologic motor 
deficits have been reviewed (78). Reported increases 
in ICP after laryngoscopy and intubation facilitated 
by succinylcholine, and in animal studies of intra- 
cranial hypertension, have led some physicians to re- 
gard increased ICP as a relative contraindication to 
succinylcholine use (79,80-82). Proposed mecha- 
nisms for an increase in ICP after succinylcholine use 
include increased CVP (and hence increased cerebral 
venous pressure) due to muscle fasciculations; in- 
creased MAP, leading to increased intracranial blood 
volume if autoregulation is not functioning; and in- 
terference with jugular venous drainage during lar- 
yngoscopy (which could occur without regard to the 
specific neuromuscular blocking agent) (79). Recent 
reports of the use of succinylcholine in patients with 
intracranial tumors (82) or nonacute subarachnoid 
hemorrhage (83) and in dogs with experimentally in- 
duced intracranial mass lesions (84,85) suggest that 
succinylcholine can be used to facilitate intubation in 
neurologic patients who are adequately anesthetized 
and whose blood pressure and Paco, are controlled 
(79,83). Muscle fasciculations may be minimized by 
pretreatment with a nondepolarizing relaxant (79). 
We use succinylcholine, in conjunction with appro- 
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Table 2. Hemodynamic Effects of Nondepolarizing Muscle Relaxants 
Mechanism 
Indirect 
Blood sympathomimetic Ganglionic 
Drug pressure Heart rate Histamine release Vagolytic effect effect blockade 
Pancuronium an î (mild) = 1? 20 
Metocurine’ Little or no change Weak, if injected rapidly 
(5-10 sec). None if 
injected slowly (30-60 sec) 
Atracurium? Transient | BP possible As above 
with rapid injection 
(5-10 sec) of large dose 
Vecuronium? None None — Very weak; not 
within clinical 
dose range 
d-Tubocurarine | -— 1° 2. 
Gallamine —_ t (moderate) _ J’ 22 


“Numbers refer to relative importance of mechanisms. 


The lack of cardiovascular effect of these drugs frequently results in some bradycardia during general anesthesia, especially with fentanyl, morphine, 


or halothane. This may require treatment with an anticholinergic. 


Modified with permission from Savarese JJ; Clinical use of muscle relaxants. In: 1984 Review course lectures. Cleveland: International Anesthesia Research 


Society, p. 148. 


priate control of blood pressure and Pacoz, to facili- 
tate intubation in patients in whom rapid control of 
the airway or rapid onset and dissipation of the neu- 
romuscular block (or both) are indicated. 
Undesirable hemodynamic changes may accom- 
pany the use of succinylcholine. Transient decreases 
and increases in MAP have been reported (81). 
Searching for an explanation for the hypertension that 
is sometimes noted, Nigrovic et al. (86) reported that 
1 mg/kg of succinylcholine administered as an intra- 
venous bolus to hemodynamically stable, ventilated, 
and anesthetized (N,O—O,—halothane) patients (ASA 
status I or II) produced an increase of approximately 
60% in plasma norepinephrine (P < 0.01) with no 
change in plasma epinephrine or dopamine levels. 
The patients had not been intubated or subjected to 
surgery at the sampling times. Blood pressure did not 
change significantly. Plasma norepinephrine levels 
increased immediately after the injection of succinyl- 
choline, peaked at approximately 3 min, and returned 
to preinjection levels by 10 min. Metocurine (0.3 mg/kg) 
did not produce a significant change in plasma cate- 
cholamine levels in a comparable group of patients. 


Nondepolarizing relaxants. The pharmacology, neu- 
-romuscular effects, and hemodynamic effects of non- 
depolarizing muscle relaxants have been reviewed in 
multiple articles (76,77,87—-90), texts, and mono- 
graphs. The importance of controlling MAP in pa- 
tients with intracranial pathology has been discussed 
earlier in this article. Both atracurium and vecuronium 
appear to have clinically insignificant cardiovascular 


effects compared with pancuronium (76,77,87-89), and 
their use may prove to be advantageous in patients 
with intracranial disease. The relative hemodynamic 
effects of the nondepolarizing relaxants are summa- 
rized in Table 2 (90). 

Atracurium is inactivated rapidly by Hofmann 
elimination at physiologic temperature and pH (91). 
The main metabolite is laudanosine (91). In quantities 
related to therapeutic doses of atracurium, neither 
laudanosine nor other breakdown products of atra- 
curium should have significant neuromuscular or car- 
diovascular effects (91). Large doses of laudanosine 
have been reported to produce seizures in dogs (208). 
In dogs anesthetized with tetracaine spinal anesthesia 
plus an expired halothane concentration just suffi- 
cient to produce an EEG sleep pattern (0.55-0.75%), 
1.0-2.5 mg/kg of atracurium produced EEG evidence 
of arousal, which did not return to control levels in 
six of six dogs (209). CMR, CBF, and ICP for the group 
did not change significantly during arousal. This EEG 
arousal after atracurium use was abolished by anesthetic 
(1 MAC) concentrations of halothane and is presumed 
to be due to laudanosine (209). 


Histamine 


The usual histamine levels in human plasma approx- 
imate 1 ng/ml, with a probable plasma half-life of less 
than 2 min (92). Histamine release can accompany the 
use of some narcotics and muscle relaxants. Hista- 
mine can produce tachycardia (perhaps partly from 
catecholamine release), hypotension, peripheral va- 
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sodilation, increased vascular permeability, positive 
cardiac inotropic effect (via H; receptors), increased 
coronary blood flow, and significant changes in the 
ventricular fibrillation threshold (animal experiments; 
isolated perfused human heart) (92,93). Hypotension 
and tachycardia are the clinical signs most commonly 
noted with histamine release (92), with tachycardia 
occurring at mean plasma histamine levels lower than 
those associated with flush or hypotension (92). The 
effect of histamine on CBF in an individual patient 
will depend upon the relative changes in CVR and 
MAP produced by the histamine, whereas increased 
vascular permeability could result in cerebral edema. 
Morphine can produce significant release of hista- 
mine; recent reports suggest that fentanyl, sufentanil, 
butorphanol, and methadone do not (92). 

In clinical studies, 0.25-0.75 mg/kg of d-tubocura- 
rine administered as an intravenous bolus produced 
significance changes in pulse rate, blood pressure, 
and plasma histamine levels in patients anesthetized 
with fentanyl (3 pg/kg), thiopental (6 mg/kg), and 
N2O-O, (92). Although there was significant varia- 
bility in the peak plasma histamine level after a given 
dose of d-tubocurarine, there was an increased prob- 
ability of histamine release as the d-tubocurarine dose 
was increased (92). In contrast, the bolus administra- 
tion of 0.25 mg/kg of metocurine appears not to produce 
histamine release or hemodynamic changes (92). 

Atracurium can produce histamine release, but its 
histamine-releasing property relative to its neuro- 
muscular blocking potency approximates only one- 
third that of tubocurarine and one-half that of di- 
methyltubocurarine (93). Other studies suggest that 
plasma histamine levels do not change significantly 
when atracurium is administered in twice the EDoəs 
dose for neuromuscular block (93). 

The cardiovascular responses mediated by hista- 
mine release have been reported to be attenuated by 
appropriate prophylactic use of H, and H; antagonists 
(92), for example, diphenhydramine and cimetidine. 


Spinal Cord 


The principles of neuronal protection apply to the 
spinal cord as well as the brain. 


Spinal Cord Blood Flow 


In anesthetized dogs (chloralose, urethane (94), hal- 
othane (43)) and sheep and lambs (chloralose, ure- 
thane (94)), spinal cord blood flow approximates 40% 
of CBF, as measured by hydrogen clearance (43) and 
15-ym labeled microsphere (94) techniques. Flow to 
the thoracic cords is approximately 40% less than flow 


ANESTH ANALG 155 
1985;64:143-74 


to either the cervical or the lumbosacral portions of 
the cord, perhaps because of a lower gray:white mat- 
ter ratio in the thoracic cord (94). In the lumbosacral 
cord in sheep, gray matter flow is approximately four- 
fold greater than white matter flow (94). 

As with the cerebral circulation, spinal cord blood 
flow (94) exhibits autoregulation and chemical regu- 
lation. During normoxia and normocapnia, autoreg- 
ulation maintains total and regional spinal cord blood 
flow (94,95). In anesthetized dogs (70% N2O, 0.5% 
halothane; or 70% N2O plus 25 mg/kg of pentobar- 
bital), thoracic spinal cord blood flow ('%*Xe clearance) 
did not change significantly when arterial pressure 
was varied from 60 to 150 mm Hg (graded hypoten- 
sion produced by bleeding the dogs) (95). Below ar- 
terial pressures of 60 mm Hg, spinal cord blood flow 
varied directly with pressure (although autoregula- 
tion persisted to an arterial pressure of 40 mm Hg in 
a few dogs) (95). As with CBF, hypoxia produces va- 
sodilation that overrides both the autoregulation and 
Paco, effects on CBF. Canine spinal cord blood flow 
increased sharply when Pao, declined to 60 mm Hg 
and reached a maximum at a Pao, of 30-40 mm Hg 
(96). Hypoxia severely reduces or abolishes the usual 
vasoconstrictor effect of hypocapnia, and abolishes 
autoregulation (96). Hypercapnia produces a signifi- 
cant increase in spinal cord blood flow (94-96) and 
essentially abolishes autoregulation (95). Regional 
distribution of spinal cord blood flow is not altered 
significantly by hypoxia, hypercapnia, or hypocapnia 
(94), however. Although spinal cord blood vessels 
receive significant sympathetic innervation, they do 
not appear to respond to chemostimulation or baro- 
receptor stimulation (94). The electrical stimulation of 
intact femoral and sciatic nerves produces an increase 
of 50% in flow to the gray matter of the stimulated 
area of the cord, presumably by increasing metabolic 
rate in the affected neurons (94). 


Ischemia; Surgical Correction of Thoracic 
Aortic Aneurysm 


Spinal cord gray matter may be quite vulnerable to 
damage by ischemia (94). The relatively high meta- 
bolic rate of actively functioning neurons in the gray 
matter and the associated flow, together with the sus- 
ceptibility of the gray matter of the BBB to ischemia, 
appear to contribute to this vulnerability 94). Whit- 
comb has noted that damage to the vascular supply 
of the spinal cord frequently is more harmful than 
direct intrinsic injury to the cord (97). 

The incidence of paraplegia resulting from repair 
of the descending thoracic aorta has been reported to 
range from 1 to 11% (98). The neurologic lesion seen 


156 ANESTH ANALG 
1985;64:143-74 


often is similar to an anterior spinal artery syndrome 
that occurs after occlusion of the artery radicularis 
magna anterior (ARMA) or the artery of Adamkiewicz 
(99-101). The lesion is manifested by loss of motor 
function (the large anterior horn cells being partially 
supplied by the anterior spinal artery), with frequent 
preservation of sensory function. The ARMA has a 
variable origin along the spinal cord, arising between 
T9 and T12 60% of the time, between T5 and T8 14% 
of the time, and below L1 26% of the time (99,210). 
Because of the variable origin of the ARMA, it is dif- 
ficult to predict where this artery arises in a given 
patient and to design an adequate system of spinal 
cord protection. That paraplegia is less frequent after 
repair of atherosclerotic aneurysms than in dissec- 
tions is believed to be due to the development of 
collateral circulation in patients with the former con- 
dition (102). Similarly, repair of a severely stenotic 
coarctation of the aorta entails less risk of paraplegia 
than does a minimal stenosis that has not resulted in 
extensive collateral circulation. 

High cross-clamping of the thoracic aorta results in 
large increases in afterload and can cause acute left 
ventricular failure (103,104). Therefore, attempts at 
preservation of the spinal cord have combined the 
need to protect the left ventricle with the need to 
maintain the blood supply of the spinal cord. Left 
atrial-to-femoral artery (105), right atrial-to-femoral 
artery (106), and femoral vein-to-femoral artery by- 
pass have been advocated by various investigators to 
prevent paraplegia, renal failure, and left ventricular 
failure during cross-clamping of the thoracic aorta. A 
major problem with these partial bypass procedures 
is the need for complete anticoagulation, which fre- 
quently results in increased postoperative bleeding. 
Shunts with heparin-bonded tubing (eliminating the 
necessity for systemic heparinization) have been used 
between the apex of the left ventricle and the distal 
aorta (107), as well as from the aorta above the cross- 
clamp to the aorta below the distal cross-clamp (108). 
Partial bypass or shunting procedures to preserve spinal 
cord function have not been successful in preventing 
paraplegia after aortic cross-clamp, however, possibly 
because the ARMA is interrupted during surgical re- 
pair. Recent reports have indicated that the incidence 
of paraplegia is similar whether or not adjuncts such 
as shunts or bypass are used to try to prevent ischemia 
(98,109-111). When neither a shunt nor bypass is used, 
hypertension proximal to the aortic cross-clamp can 
be treated with nitroprusside (98,109) or trimetha- 
phan (98,110). 

Berendes et al. (112) recently reported large in- 
creases in intraspinal pressure (ISP) during aortic cross- 
clamping in a patient who was paraparetic after coarc- 
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tation repair. The ISP increased further during nitro- ` 
prusside infusion, exceeding the aortic pressure be- 
low the cross-clamp. The authors hypothesized that 
increases in ISP may be a mechanism of paraplegia 
after aortic cross-clamping. In 1962, Blaisdell and Cooley 
(115) reported that canine CSF pressure increased with 
aortic cross-clamping and that removal of CSF pre- 
vented paraplegia while elevation of CSF pressure 
(saline) increased the incidence of paraplegia. They 
recommended that patients be given urea before aor- 
tic cross-clamping so as to minimize CSF pressure 
elevations seen with aortic cross-clamping. 

We may speculate that, because an increase in ISP 
during aortic cross-clamping may result from in- 
creased intracranial blood volume secondary to aortic 
pressure above the cross-clamping exceeding the up- 
per limit of cerebral autoregulation, lowering the Paco, 
might minimize this increase in intracranial blood vol- 
ume. Risks of hyperventilation would include de- 
creased spinal cord blood flow during the period of 
potential cord ischemia, however. Prophylactic 
administration of mannitol to decrease brain mass 
might be reasonable, the risk being that of subdural 
hematoma due to tearing of diploic veins (113). If the 
increased ISP reported by Berendes et al. was due to 
cerebral vasodilation and increased intracranial blood 
volume, perhaps the nitroprusside dose should be 
chosen to protect against left ventricular failure rather 
than arbitrarily to restore arterial pressure to the level 
present before cross-clamping. Increased perfusion 
pressure above the cross-clamp can maximize collat- 
eral circulation to the spinal cord, but cardiac function 
(as monitored by ST-T segment, pulmonary artery 
capillary wedge pressure, and cardiac index) must be 
maintained within a physiologically acceptable range 
for the patient. Trimethaphan offers the advantage 
that ISP elevations might be less than if nitroprusside 
were used, but with the risk that more severe cerebral 
metabolic derangement (high-energy phosphates) may 
occur at comparable degrees of hypotension (114). A 
direct approach to elevated ISP would be ISP moni- 
toring (for example, with a subdural needle) and re- 
moval of CSF, as reported by Blaisdell and Cooley in 
1962 in the canine model (115). Because CSF removal 
in the presence of elevated ISP might be contraindi- 
cated, however, CSF would have to be removed pro- 
phylactically. Risks of subdural needle placement in 
a heparinized patient probably are higher than the 
potential benefits of lowering CSF pressure, in our 
opinion. If postoperative paraplegia occurred, the less 
likely possibility of a subdural hematoma at the site 
of dural puncture would need to be ruled out before 
the lesion could be assumed to be secondary to spinal 
cord ischemia that developed during aortic repair. 


at 


PRINCIPLES OF NEUROANESTHESIA 


Intraoperative loss of somatosensory-evoked po- 
tentials (SSEP) can predict loss of spinal cord function 
in man (116). A clinical report by Grundy et al. (17) 
described pronounced and progressive deterioration 
in SSEP in a patient undergoing scoliosis repair during 
placement of Harrington rods, which returned to con- 
trol when deliberate hypotension was discontinued. 
SSEP monitoring is widely used now during scoliosis 
repair. SSEP monitoring during descending thoracic 
aortic repair has been evaluated in animal models and 
recommended for routine use in humans (118,119). 
In animal models, SSEPs cease after only a few min- 
utes of aortic cross-clamping unless a shunt or bypass 
is used, which precludes the use of SSEPs if these 
adjuncts are not employed. The clinical value of SSEPs 
during descending thoracic aortic repair has not been 
determined to date. 

Noting that three patients who had spinal cord 
damage after coarctation repair were hyperthermic, 
Crawford and Sade (120) suggested that incidental 
hyperthermia may be associated with a greater fre- 
quency of spinal cord damage. 

Based on the limited available information regard- 
ing anesthesia management of patients undergoing 
high thoracic aortic cross-clamping, we recommend 
the administration of mannitol (0.25—0.5 g/kg) before 
the placement of the aortic cross-clamp; ECG moni- 
toring of V; for signs of myocardial ischemia; moni- 
toring of the pulmonary artery capillary wedge pres- 
sure to permit the selection of a nitroprusside dose 
that will protect the left ventricle while simulta- 
neously supporting perfusion pressure proximal to 
the cross-clamp; normocapnia; and avoidance of in- 
cidental hyperthermia. We do not recommend the use 
of either routine hypocapnia or subdural needle place- 
ment for ISP measurement, because of the risks out- 
lined previously. 


Morphine 


The intravenous administration of morphine (1 mg/kg) 
reduced canine spinal cord blood flow to 77 + 13% 
(P < 0.01) and 73 + 12% (P < 0.05) of control (nor- 
moxia, < 0.5% halothane) at 30 and 60 min, respec- 
tively (43). (It is interesting that similar changes oc- 
curred in CBF). The intravenous administration of 
naloxone (40 g/kg) 60 min after the morphine re- 
turned spinal cord blood flow to control values. Na- 
loxone (40 ug/kg) administered before morphine (1 
mg/kg) did not produce any significant change in spinal 
cord blood flow, but did block the effect of the mor- 
phine on spinal cord blood flow. MAP and heart rate 
decreased significantly to 83% and 57-60%, respec- 
tively, of control values after the morphine was ad- 
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ministered, whether the morphine was administered 
before or after the naloxone (43). Spinal subarachnoid 
administration of 0.2 mg of morphine produced no 
significant change in spinal cord blood flow (43). Thus 
the intravenous administration of morphine affects 
canine spinal cord blood flow (and CBF) via supra- 
spinal opiate receptors (43). 


Intracranial Pressure (ICP) 


ICP includes both global and regional pressures, al- 
though the latter may be difficult to measure (for ex- 
ample, localized pressure around a tumor). It is im- 
portant to remember that the functional elasticity of 
the falx cerebri and the tentorium, together with the 
functional compressibility of the ventricular system 
(with CSF translocation), may allow a concomitant 
increase in tissue mass in one intracranial compart- 
ment without a global increase in ICP. Physiologi- 
cally, the ultimate result of increased ICP is ischemia, 
whether the elevated ICP is regional or global. Ische- 
mia can produce cell damage, leading to patient mor- 
bidity or mortality. 


Intracranial Contents 


Brain tissue, CSF, and intracranial blood comprise the 
intracranial contents, with brain tissue occupying ap- 
proximately 80% of the intracranial volume. Being 
liquids, brain tissue (approximately 80% water), CSF, 
and blood are incompressible (79). Because of the 
communications between their intracranial and extra- 
cranial compartments, however, CSF and blood can 
be translocated extracranially (79). 

Except for the use of hyperosmotic agents or fu- 
rosemide (or both) and the effects of anesthesia on 
cerebral edema, anesthetic management does not sig- 
nificantly alter brain mass, the largest of the three 
intracranial components. Anesthetic management 
primarily affects intracranial blood volume. Although 
a relatively small component of the intracranial con- 
tents on a percentage basis, intracranial blood volume 
can undergo physiologic change more rapidly than 
can either of the other two components. We have 
discussed the arterial component of intracranial CBF, 
including autoregulation, the passive dependence of 
flow on perfusion pressure when autoregulation is 
lost, the CBF—Paco, relationship, and the effects of 
anesthesia. Increased flow to cerebral veins produces 
intracerebral venous distention, as noted earlier. Ve- 
nous distention also can result from obstruction to 
venous outflow. Extracranial sources of such obstruc- 
tion include functional stenosis of the jugular vein 
due to improper positioning of the head and neck, 
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increased intrathoracic pressure (for example, inap- 
propriate ventilatory pattern), coughing or straining 
(increased intrathoracic pressure, increased intraab- 
dominal pressure, which produces epidural vein en- 
gorgement via Batson’s plexus), and placing the head 
lower than the heart. 


Cerebrospinal Fluid 


CSF is formed at the rate of approximately 0.35 (67) 
to 0.4 ml/min (121). Approximately 70% of the CSF 
produced is formed by secretion at choroid plexus 
tissue located in the roofs of the third and fourth 
ventricles and the walls of the lateral ventricles (66). 
The remaining 30% is derived from the capillary bed 
of the brain and from metabolic water production 
(which accounts for approximately 12% of the net CSF 
production, based on CMRo»2) (66). CSF formation is 
an active process, involving at least two enzyme sys- 
tems, Na*-K*-activated ATPase and carbonic an- 
hydrase (66). CSF is formed at a hydrostatic pressure 
head of approximately 15-cm H20, which drives CSF 
through the ventricular system into the subarachnoid 
space and spinal canal and provides sufficient hydro- 
static pressure to return CSF to blood primarily” through 
the arachnoid villi (66). The arachnoid villi are tubelike 
structures that protrude from the subarachnoid space 
into the lumina of the large dural sinuses and spinal 
dural sinusoids. They function as one-way valves, 
remaining open only when CSF flows from the sub- 
arachnoid space into venous blood and collapsing to 
obstruct the back flow of blood if venous pressure 
exceeds CSF pressure (66). CSF flow through the ar- 
achnoid villi starts when CSF pressure exceeds ve- 
nous pressure by approximately 3—6-cm H2O (66). Al- 
though CSF production rate is not limited by ICP 
unless the latter is quite high, CSF absorption rate 
does increase with increasing CSF-to-venous pressure 
gradient (66). 

Because no diffusion barrier exists between brain 
tissue and CSF, either at the pial—glial surfaces or at 
the ependymal lining of the ventricles, CSF compo- 
sition rapidly influences the microenvironment of 
neuronal and glial cells, and hence the operation of 
the central nervous system (66). CSF composition is 
both different from and more stable than plasma (Ta- 
ble 3). Factors contributing to the composition of CSF 
include cellular metabolism, the combination of spe- 
cial transport mechanisms and restricted intracellular 


"Although not yet established in humans or primates, there is 
growing experimental evidence that some CSF enters the lymphatic 
system, although the arachnoid villi still are considered the prin- 
cipal CSF drainage pathway (122). Drainage through the lymphatics 
may become more important when ICP is elevated (122). 
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Table 3. Concentrations of Various Solutes in Plasma and 
Lumbar Cerebrospinal Fluid of Human Subjects 


Plasma CSF 
Substance (mmol) (mmol) CSF/plasma 

Na 150 147 0.98 
K 4.63 2.86 0.62 
Mg 3.22 4.46 1.4 
Ca 9.40 4.56 0.49 
Cl 99 113 1.1 
HCo3 26.8 23.3 0.87 
Inorganic P (mg/dl) 4.70 3.40 0.73 
Protein (mg/dl) 6,800 28 0.004 
Glucose (mg/dl) 110 50-80 0.6 
Osmolality 0.289 0.289 1.0 
pH 7.397 7.307 — 
Pco, (mm Hg) 41.1 50.5 — 


Modified from Rapoport SI. Blood-brain barrier in physiology and med- 


icine. New York: Raven Press, 1976:50. By permission. 


diffusion at both the choroid plexus and the cerebro- 
vascular system, and the relative rates of CSF pro- 
duction and reabsorption (66). 

Mammalian animal studies indicate that the cho- 
roid plexuses in all four ventricles receive both ad- 
renergic and cholinergic innervation (123). The sym- 
pathetic innervation arises in the cervical sympathetic 
ganglia and inhibits CSF secretion, apparently by 
combined a-adrenergic vasoconstriction of the cho- 
roidal arteries and -mediated inhibition of CSF se- 
cretion (123). Cholinergic muscarinic stimulation also 
decreases the production rate of CSF, although the 
site of action has not been defined (123). 

Enflurane increases the rate of CSF formation in 
rats (124) and dogs (125,126). This increased produc- 
tion is compatible with the increased utilization of 
glucose in the choroid plexus, as reported by Myers 
and Shapiro (127), and with the decreased sympa- 
thetic tone associated with enflurane (124). Enflurane 
also increases the resistance of CSF outflow in rats 
(124). The combination of increased CSF production 
rate and increased resistance to CSF outflow could 
contribute to the increase in ICP observed in dogs 
anesthetized with enflurane (128). Canine CSF pro- 
duction rate is decreased by halothane anesthesia and 
unchanged by isoflurane or fentanyl anesthesia (125). 
Resistance to CSF outflow reportedly is increased in 
cats by halothane anesthesia (129). Pentobarbital may 
enhance CSF reabsorption in the rat (124). 

These data from animal experiments suggest that 
when endeavoring to minimize the increase in intra- 
cranial blood volume and net CSF volume, anesthetics 
such as isoflurane or fentanyl would be preferable to 
halothane, enflurane, or ketamine (130). Although not 
yet confirmed in humans, these results are compatible 
with established clinical data on the effects of various 
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Figure 4. ICP vs mass volume predicted by the Monroe-Kellie 
doctrine for the curve observed during progressive, epidural bal- 
loon inflation in animals. The observed curve is significantly dif- 
ferent from the predicted curve in that its initial segment is not 
flat, but increases slowly to a break point. Beyond this break point, 
the observed curve is not vertical, but instead increases to a second 
plateau near the level of arterial blood pressure. (From Miller DJ, 
Sullivan HG. Severe intracranial hypertension. Int Anesthesiol Clin 
1979;17:19-75. By permission of Little, Brown & Company.) 


anesthetics on ICP in humans. Future studies in hu- 
mans should be informative. 


Intracranial Pressure 


The modified Monroe—Kellie hypothesis assumes that 
the contents of the craniospinal axis cannot be com- 
pressed and that their total volume is constant (131). 
If so, an increase in the volume of one component 
(brain tissue, CSF, blood volume) would increase ICP 
unless the volume of one or both of the other com- 
ponents decreased. The curve representing ICP (that 
is, CSF pressure) vs increasing intracranial volume 
from a space-occupying lesion would be flat initially, 
reach a break point representing exhaustion of com- 
pensatory mechanisms, and then rise almost verti- 
cally (131). Studies indicate that the initial part of the 
curve is not flat, however, but rises slowly to the break 
point and then ascends rapidly (but not vertically) to 
a second plateau approximating arterial pressure (Fig. 
4). No single pressure—volume curve represents the 
whole craniospinal axis. Because of differences in 
compliance, equal increases in volume in each of the 
three components do not produce identical increases 
in ICP; one must specify in which component the 
volume increase occurs. 

For clinical purposes, however, we can utilize an 
idealized CSF pressure-volume curve (132) (Fig. 5) 
that is analogous to that portion of the observed curve 
below the second plateau in Figure 4. The initial por- 
tion of this idealized curve (Fig. 5), representing spa- 
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INTRACRANIAL 
VOLUME 


Figure 5. Idealized intracranial volume—pressure relationship. See 
text. (From Shapiro HM. Intracranial hypertension: therapeutic and 
anesthetic considerations. Anesthesiology 1975;43:445-71. By per- 
mission of JB Lippincott Company.) 


tial compensation, rises slowly to a break point at 
which compensatory mechanisms (intracranial-to- 
extracranial expulsion of CSF and blood) are ex- 
hausted, and compliance is reduced. Because com- 
pensatory mechanisms are exhausted, each additional 
increase in volume beyond this break point produces 
a larger increase in ICP. For a patient with elevated 
ICP (for example, point 3), any increase in intracranial 
volume will increase ICP and any decrease in intra- 
cranial volume will decrease ICP. In a patient with 
normal ICP, the point representing the intracranial 
volume-ICP relationship may occur anywhere on the 
initial portion of the curve between points 1 and 2. 
Because a single ICP measurement does not indicate 
where the patient’s representative point lies on this 
portion of the curve, it is advisable to assume that a 
patient with a space-occupying lesion but normal ICP 
is represented by point 2. Any factors that would: 
increase intracranial volume should be avoided, for 
such an increase in intracranial volume would in- 
crease ICP. Before turning to the effects of anesthetic 
management on the volume of intracranial contents, 
we again must emphasize that the curve in Figure 5 
is an idealized curve. In individual patients, the CSF 
pressure—volume curve is highly variable and is de- 
termined by the interaction of lesion mass and loca- 
tion, the presence or absence of cerebral tissue her- 
niation, CPP, and Paco; (132). 

Ekstedt reported that, in supine adult patients, the 
mean (+ SD) lumbar CSF pressure was 10.4 + 1.4 
mm Hg, and did not correlate with the patient’s age 
(121). In supine patients in whom CSF flow from in- 
tracranial to spinal subarachnoid space is unimpeded, 
lumbar CSF pressure referenced to the lateral ventri- 
cle may be regarded as representative of intracranial 
CSF pressure. 


Consequences of Increased ICP 


To oversimplify, the ultimate consequence of in- 
creased ICP is ischemia which, if not corrected, will 
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lead to neuronal damage and subsequent morbidity 
or mortality. 


Intracranial consequences. Progressive increase in ICP 
eventually leads to decreased CPP, which in turn leads 
to ischemia. In addition to the potential for neuronal 
damage, ischemia leads to vasomotor paralysis in the 
affected area. With regional CBF then passively de- 
pendent on CPP, a further decrease in CPP produces 
more ischemia, more vasomotor paralysis, more neu- 
ronal damage, and so forth. It is important to remem- 
ber that in the presence of intracranial hypertension,® 
a decrease in CPP invariably results in a decrease in 
rCBF, but an increase in CPP does not necessarily 
improve flow (131). Increased CPP either can increase 
intracranial blood volume in other areas, thereby in- 
creasing ICP; or can disrupt the BBB, causing cerebral 
edema, which functionally acts as a mass lesion and 
increases intracranial hypertension (or it can do both 
of these). The pathologic cycle involved in progressive 
elevation of ICP is diagrammed in Figure 6. Ulti- 
mately, a progressive increase in ICP will force dis- 
placement of brain tissue from the involved area, re- 
sulting in herniation (cingulate, tentorial, uncal, 
cerebellar, or tonsillar) (133). Symptoms and signs of 
intracranial hypertension are listed in Table 4. 


Systemic effects. Cardiovascular, pulmonary, or vis- 
ceral (or combinations thereof) dysfunction can result 
from intracranial hypertension and can be a major 
clinical problem (131) (see Table 4). The vasopressor 
reponse that accompanies intracranial hypertension 
may result from distortion of, or focal pressure on, 
the vasomotor centers in the floor of the fourth ven- 
tricle, rather than resulting primarily from direct 
brainstem ischemia, as originally proposed by Cush- 
ing (134) and Kocher (135). It should be emphasized 
that, although transient vasopressor responses occur 
in some patients with elevated ICP, such responses 
are not inevitable. Intracranial hypertension can occur 
without systemic hypertension (and vice versa) (131). 
The effector “limb” in the vasopressor response is the 
sympathetic nervous system. Evidence from animal 
studies suggests that the systemic hypertensive re- 
sponse also may be triggered by inadequate supra- 
tentorial perfusion (136) and that bradycardia, ar- 
rhythmias, pupillary changes, and increased pulse 
pressure may precede systemic hypertension, with 
bradycardia being a fairly consistent early sign (136). 


‘Mean CSF pressure (mm Hg) measured from the ventricular 
or supratentorial space (131): mean ICP = 10 = normal; mean ICP 
= 20 = definitely abnormal; and mean ICP 10-20 = suspicious. 
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Figure 6. Pathophysiology of uncontrolled intracranial hyperten- 
sion. Cycle elements potentially under the control of the anesthe- 
siologist are indicated by asterisks. (From Shapiro HM. Intracranial 
hypertension: therapeutic and anesthetic considerations. Anesthe- 
siology 1975;43:445~71. By permission of JB Lippincott Company.) 


The bradycardia that frequently accompanies sys- 
temic hypertension is vagally mediated (131). Atrial 
and ventricular arrhythmias, various degrees of atrio- 
ventricular block, ECG changes consistent with myo- 
cardial infarction, and subendocardial hemorrhage have 
been associated with intracranial hemorrhage or other 
severe brain insults (131,137) 

At least three forms of respiratory dysfunction can 
occur: variation in respiratory pattern, neurogenic 
pulmonary edema, and adult respiratory distress syn- 
drome. All three eventually result in hypoxia, which 
then increases the magnitude of intracranial hyper- 
tension and tissue damage (131). Variations in res- 
piratory pattern can range from hyperventilation to 
apnea. It is apnea, not cardiac arrest, that is the pri- 
mary cause of death in patients whose condition pro- 
gresses through tentorial and tonsillar herniation (131). 
Neurogenic pulmonary dysfunction presents a spec- 
trum of pulmonary pathophysiologic changes ranging 
from severe pulmonary edema to mild V/Q mismatch. 
Neurogenic pulmonary edema is relatively rare and 
is more common in teenagers and young adults (131). 
The definitive mechanism is not known (131,132). 
Theories have included sudden increases in central 
blood volume and pulmonary venular spasm (132). 

For a discussion of visceral dysfunction associated 
with intracranial hypertension, the reader is referred 
to Miller and Sullivan (131). Other signs of intracranial 
hypertension are listed in Table 4. 


Effects of Anesthetic Agents 


In patients with space-occupying lesions, transient 
but potentially large increases in ICP induced by hal- 
othane can be minimized or abolished by inducing 
hypocapnia prior to administering halothane (138). 
The simultaneous introduction of halothane and ini- 
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Table 4. Signs of Intracranial Hypertension 
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Produced by 
increased Produced by local brain damage or Produced by total brain 
ICP alone distortion ischemia 
Headache Headache Unconsciousness 
Vomiting Vomiting Bilateral, fixed dilated pupils 
Papilledema Drowsiness Absent brainstem reflexes 
Drowsiness Decerebrate rigidity Arterial hypertension 


Oculomotor palsy 


Apnea 


Impaired or absent brainstem reflexes 


Arterial hypertension 
Bradycardia 

Abnormal respirations 
Apnea 


From Miller JD, Sullivan HG. Severe intracranial hypertension. Int Anesthesiol Clin 1979;17:19~75. By permission of Little, Brown and Company. 


tiation of hyperventilation did not consistently pre- 
vent the increase in ICP (138). 

In contrast, the simultaneous initiation of hyper- 
ventilation and administration of isoflurane pre- 
vented increased ICP for patients with intracranial 
mass lesions (139). Nevertheless, recognizing indi- 
vidual patient variability, it would be prudent to in- 
duce hypocapnia before administering isoflurane to 
patients with intracranial mass lesions (139). The same 
advice would apply to the use of enflurane, with the 
precaution that pronounced hypocapnia and high 
concentrations of enflurane should be avoided be- 
cause of the attendant potential for inducing seizure 
activity. 

Reports of the effects of N2O on ICP are contra- 
dictory (140). In patients with normal ICP, no in- 
crease in lumbar CSF pressure was noted when N20 
was administered (140). Significant increases in ICP 
over control values were observed when 50% N2O 
was-administered to patients with head injury; the 
authors emphasized that their results do not contrain- 
dicate the use of N20 in head-injured patients but do 
suggest that hypocapnia be induced first (140). 

As discussed in an earlier section, barbiturates de- 
crease CMRO,, resulting in a decrease in CBF. To the 
extent that they thereby decrease intracranial blood 
volume, they decrease ICP. This effect of barbiturates 
on ICP enjoys wide clinical application. Thiopental or 
diazepam (or both) can block the effect of 70% NO 
on ICP (141). 

In the absence of secondary increases in Paco, due 
to respiratory depression, narcotics tend to prevent 
an increase in ICP or to reduce ICP. Intravenously 
administered fentanyl (0.2 mg) produced small clin- 
ically and statistically insignificant changes in ICP in 
10 patients who had intracranial space-occupying le- 
sions, and was considered a valuable adjuvant to the 


N,O-O>-relaxant anesthetic regimen (142). Innovar 
(1 mi per 9-11.4 kg of body weight), followed by 
fentanyl (0.05 mg every 15-45 min), did not increase 
ICP in 10 hypocapnic patients with space-occupying 
lesions (138). 

The effects of anesthetic agents are summarized in 
Table 5. 


Intrathoracic, Intraabdominal Pressure; Coughing; 
Tracheobronchial Suction 


The effects of intrathoracic and intraabdominal pres- 
sure on cerebral venous drainage were noted earlier 
(see the intracranial contents section above). When 
controlled positive-pressure ventilation is used, an 
appropriate ventilatory pattern that minimizes an in- 
crease in mean intrathoracic pressure is essential. 

Coughing or straining increases ICP by increasing 
the cerebral venous pressure and distention, or in- 
tracranial CSF, or both. Increased intrathoracic pres- 
sure interferes with cerebral venous drainage. In- 
creased intraabdominal and intrathoracic pressures 
transmitted to the epidural veins via Batson’s plexus 
cause engorgement of epidural veins, which in turn 
compress the spinal subarachnoid space, resulting in 
translocation of CSF intracranially. It is essential that 
muscle relaxation sufficient to prevent diaphragmatic 
movement be achieved before intubation in patients 
in whom regional or global increases in ICP are to be 
avoided. Control of blood pressure during induction 
and intubation also is essential to prevent untoward 
increase or decrease in MAP and hence CPP, as dis- 
cussed in an earlier section. 

During suctioning of the tracheobronchial tree, tra- 
cheal stimulation occurs during a brief apneic period. 
Response to the tracheal stimulation, or an increase 
in CBF due to an increase in Paco, during apnea, or 
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Table 5. Effects of Anesthetic Drugs and Techniques on Blood Pressure, Intracranial Pressure, and Cerebral 


Perfusion Pressure’ 


Blood 
pressure 


Technique 
Hyperventilation iF 
Hypothermia } 
Agents 
Inhalation 
Volatile® | 
Nitrous oxide — 
Intravenous 
Ketamine tT 
Fentanyl } 
Droperidol i 
Diazepam‘ = 
Thiopental = 
Muscle relaxants 
d-Tubocurarine® 4 
Pancuronium“ —? 


+ e 


Cerebral 
Intracranial perfusion 
pressure pressure” 
l Î 
l t 
t l 
t l 
t l 
l =A 
t sI 
2] ? 
l f 
1 l 
?= J] Ei 


«Clinically significant effects at commonly effective anesthetic or sedative doses are indicated. The resulting CPP direction of change depends not only 
on the BP and ICP directions but also on the magnitude of the change. Ventilation is assumed stable and controlled. 


’Cerebral perfusion pressure = blood pressure — intracranial pressure. 


‘Halothane, methoxyflurane, fluroxene, and enflurane. 
‘Diazepam predicted from available CBF data. 


‘Pancuronium is assumed to be less potent in histamine-releasing properties than d-tubocurarine. Muscle relaxant effects in the table refer to actions 


immediately after their intravenous administration. 


Modified from Shapiro HM. Intracranial hypertension: therapeutic and anesthetic considerations. Anesthesiology 1975:43, 445-471. By permission of JB 


Lippincott Company. Refer to Figure 1 for meaning of symbols. 


both, could result in an increase in ICP. Fisher et al. 
(143) reported that, in 9 children with brain injury 
(baseline ICP = 12 mm Hg), the increase in ICP during 
endotracheal suctioning was due to tracheal stimu- 
lation and not to increased Paco, during apnea. 
Hemodynamic and ICP changes due to tracheal stim- 
ulation have been blunted by intravenously admin- 
istered lidocaine or thiopental in patients who had 
received muscle relaxants. Based on their study in 15 
comatose, nonparalyzed patients, White et al. (144) 
suggest that the combined use of topical anesthesia 
and a neuromuscular blocking agent may be required 
to prevent the ICP elevation or the MAP increase (or 
both) associated with endotracheal suctioning (Table 
6). Intravenously administered fentanyl (1 g/kg), 
thiopental (3 mg/kg), and lidocaine (1.5 mg/kg) all 
failed to prevent increased ICP after suctioning, al- 
though the latter two drugs produced initial decreases 
in ICP of 4-6 mm Hg. When instilled into the trachea, 
lidocaine (1.5 mg/kg) attenuated the increase in ICP 
associated with suctioning but provoked a cough re- 
sponse and an initial increase in ICP. Hamill et al. 
(145) reported that, in patients with brain tumors, in- 
travenously administered lidocaine (1.5 mg/kg) pre- 
vented the increase in ICP that was associated with 
intubation, while laryngotracheal spray (2 ml of 4% 
lidocaine) did not. 


Anesthetic Management of a Patient With 
Increased ICP 


Induction. Several factors must be considered when 
formulating the plan for inducing anesthesia in a pa- 
tient with overt or potential intracranial hypertension. 
Maneuvers that would increase sympathetic nervous 
system activity (for example, placing the mask on the 
face of an apprehensive child) should be avoided. 
Selection of agents that decrease CMRO2, CBF, and 
intracranial blood volume is desirable (for example, 
barbiturates, narcotics, etomidate). Hypocapnia should 
be induced as soon as possible during the induction. 
Adequate depth of anesthesia, together with intra- 
venous lidocaine (1-1.5 mg/kg), will blunt the sym- 
pathetic nervous system response to laryngoscopy and 
tracheal intubation. Adequate muscle relaxation is 
necessary to prevent coughing, bucking, or straining 
during and subsequent to tracheal intubation. Main- 
tenance of CPP within the patient’s preoperative range 
is critical. Note that this discussion concerns the in- 
duction of general anesthesia in a patient with overt 
or potential increased ICP. These remarks should not 
be interpreted to mean that volatile agents are con- 
traindicated in these patients. We use volatile agents 
with or without intravenous narcotic supplement for 
maintenance of anesthesia when we think this is the 
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Table 6. Cough Scores, Baseline ICP and MAP Values (mm Hg), and Mean Changes (mm Hg) during and immediately 
after Endotracheal Suctioning (+ SEM) 








Peak A Post A Peak A Peak A 

Treatment Cough score Base ICP ICP ICP Base MAP MAP CPP 
Normal saline (2 mi) 3.0 Bal + 22 +9 101 +7 Fa +5 
(+ 0.1) (+3) (+ 2) (+ 3) (+ 1) 

Fentanyl (1 ag/kg) 2.8 131 + 14 aa ke 100 + 6 + 30 + 16 
(+ 0.1) (2) (+ 1) (+ 5) (+ 3) 

Thiopental (3 mg/kg) 2.8 12 + 1 + 20 +7 9 +6 + 28 +8 
(+ 0.1) (+3) (+ 2) (+ 4) (+ 2) 

Intravenous lidocaine 2 16 + 2 +19 +4 102 + 9 + 28 +9 
(1.5 mg/kg) (+ 0.1) (+ 3) (4.2) (+ 2) (+ 2) 
Intratracheal lidocaine 2.0" 1D ed ae ey + 4 99 + 6 + 22 + 11 
{1.5 mg/kg) (+ 0.2) (+ 2) (+ 2) (+3) (+ 2) 
Succinylcholine (1 mg/kg) Lie 16 + 2 F3 0" 104 + 6 + 17 + 14 
(+ 0.1) (+ 2) (21) (+ 2) (+ 2) 


Significantly different from control (normal saline): “P < 0.05; "P < 0.01. 
From White PF, Schlobohm RM, Pitts LH, Lindauer JM. A randomized study of drugs for preventing increases in intracranial pressure during endotracheal 


sunctioning. Anesthesiology 1982;57:242-4. By permission of JB Lippincott Company. 


best choice for the patient’s general medical and sur- 
gical condition. When using volatile agents, we in- 
duce hypocapnia before introducing the agent, main- 
tain CPP, and are guided in our agent selection by 
our awareness of the relative effects of halothane, 
enflurane, and isoflurane on CMRO>, CBF, and CSF 
dynamics. 

For a child frightened of having an intravenous 
needle inserted, a smooth induction with a volatile 
agent.may be a better alternative than having the child 
struggle and cry in response to the intravenous in- 
sertion of a cannula. Once the child is anesthetized 
sufficiently to allow placement of the cannula, bar- 
biturates or narcotics can be administered. 


Fluid Balance 


Fluid composition and volume can affect intracranial 
volume and hence ICP. Although decisions regarding 
the composition and volume of intravenously admin- 
istered fluids depend on the patient’s general con- 
dition and the operative procedure, from the stand- 
point of the craniospinal axis the intravenous infusion 
of 5% dextrose—water is potentially dangerous if its 
rate of administration exceeds the rate at which water 
is lost (113). After the initial distribution of glucose 
throughout the total body water, the glucose level 
decreases more rapidly in blood than in the brain or 
spinal cord. Water, therefore, moves from the rela- 
tively hypotonic plasma into the brain, spinal cord, 
and CSF, thereby potentially increasing ICP or pro- 
ducing cerebral or spinal cord edema (or both). Ad- 
ministering 5% glucose in a balanced salt solution 
minimizes this problem, because of the residual in- 
travascular osmotic effect of the salt molecules. The 


approximate osmolality, composition, and pH of a 
few crystalloid solutions for intravenous use are listed 
in Table 7. 


Cerebral Edema 


Types, Cerebral edema may be divided into three 
types (133): vasogenic, cytotoxic, and interstitial. In 
vasogenic edema, the most common type, increased 
capillary permeability permits leakage of plasma fil- 
trate primarily into white matter. Vasogenic edema is 
associated with brain tumors, abscesses, infarctions, 
head trauma, hemorrhage, and purulent meningitis 
(133). In cytotoxic edema, all the cellular elements of 
the brain or spinal cord may swell (133). This is an 
intracellular form of edema, in contrast to the pri- 
marily extracellular vasogenic edema. Two clinical 
conditions characterized by cytotoxic edema are acute 
hypoosomolality (for example, water intoxication) and 
cerebral edema due to cerebral hypoxia. Interstitial 
edema results from obstructive hydrocephalus and 
involves increased water and sodium content in the 
periventricular white matter. 


Hyperosmolar Agents, Loop Diuretics. In 1958, Javid 
(146) introduced the use of hypertonic nonelectrolyte 
solutions to extract water acutely from brain tissue. 
Hyperosmolar agents decrease intracranial volume by 
decreasing water content in normal brain tissue 
(79,131). To be effective, a hyperosmolar agent must 
be delivered to the target organ or tissue; must not 
leak into the tissue but rather be contained within the 
plasma by a membrane impermeable to the agent (for 
example, the BBB); must increase plasma osmolality 
relative to tissue osmolality; and must undergo renal 
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Table 7. Composition of Crystalloid Solutions’ Available for Clinical Use 


5% Dextrose in 
Ringer's lactate 


. Ringer’s lactate 
pH (approx) 6.5 5.0 


Osm (mosm/L) (approx) 272 524 
Na (mEq/L) 130 130 
K (mEq/L) 4 4 
Ca (mEq/L) 3 3 
Cl (mEq/L) 109 109 
Glucose (g/dl) None 5 
Lactate (mEq/L) 28 28 


5% Dextrose 5% Dextrose 5% Dextrose 


in water 0.9 NaCl in 0.45 NaCl in 0.2 NaC] 

4.0 5.0 4.0 4.0 
252 308 405 321 
None 154 77 34 
None None None None 
None None None None 
None 154 7d 34 

5 None 5 5 
None None None None 


‘These figures obtained from fluids supplied by Travenol Laboratories, Deerfield, IL. 


glomerular filtration without significant tubular reab- 
sorption (123,133). Ideally, the agent also should not 
irritate vascular and other tissues and should be phar- 
macologically inert. To date the ideal agent has not 
been found. 

By decreasing intracranial volume through extrac- 
tion of water primarily from normal brain tissue, hy- 
perosmotic agents can decrease elevated ICP acutely, 
thereby improving CPP and promoting flow to the 
hypoperfused tissue. Hyperosmotic agents are useful 
in -vasogenic edema, may help acutely in hypoos- 
molality, but are not helpful in interstitial edema (133). 


MANNITOL. Mannitol is the most commonly used 
hyperosmolar agent, because it is relatively effective 
and safe (79). Although doses between 0.5 and 2.0 
g/kg have been utilized (79), Marshall et al. (147) re- 
ported that 0:25 g/kg produced decreases in ICP 
equivalent to those produced by 0.5 or 1 g/kg in eight 
patients with acute head injury and increased ICP. 
Osmotic gradients approximating 10 mosm produced 
satisfactory reduction in ICP (147), although previous 
reports had suggested that higher gradients may be 
required (133). 


UREA. Urea, used as an hyperosmolar agent in the 
past, currently. is not widely used. Problems associ- 
ated with its use included the rebound phenomenon 
and tissue irritation. 


POTENTIAL COMPLICATIONS. Potential complica- 
tions of the -use of hyperosmotic agents include re- 
bound of elevated ICP, hyperosmolality, electrolyte 
loss, and changes in blood viscosity and coagulation 
(148). Rebound or secondary elevation of ICP can re- 
sult from leakage of molecules of the hyperosmotic 
agent into neuronal tissue, retention of these mole- 
cules after diuresis has decreased plasma concentra- 
tion of the agent, and translocation of plasma water 
into neural tissue due to the resultant residual osmotic 
gradient. Experimentally, this rebound can be pre- 


vented by replacing only one-third of the urine vol- 
ume excreted during the osmotic diuresis (132). Met- 
abolic acidosis and renal failure are almost certain to 
occur at plasma osmolalities above 350 mosm/L and 
may occur at osmolalities above 320 mosm/L (131). 
With regard to relative osmolalities, it is important to 
remember that, given the choice of preserving volume 
or intracellular osmolality in response to plasma hy- 
perosmolality, the brain will preserve volume, and 
intracellular osmolality will approach plasma osmo- 
lality (133). Therefore, acute reduction in brain vol- 
ume can be achieved with hyperosmotic agents, but 
the repeated administration of these agents is less 
useful (and potentially harmful). 

Hyperosmotic agents should not be given to pa- 
tients with overt or potential congestive heart failure 
(79,132), impaired renal function (79,132), or high he- 
matocrit values. The transient hypervolemia induced 
by the agents is hazardous in patients with cardiac 
decompensation. Diuresis-induced increase in blood 
viscosity can produce “sludging” and thrombosis in 
patients with high hematocrit values; very careful fluid 
replacement is required. Hypovolemia should be 
avoided. 


LOOP DIURETICS. Furosemide has been used exper- 
imentally and clinically to reduce ICP (79,132,148). In 
patients anesthetized with halothane-N,O-O, for 
craniotomy, furosemide (1 mg/kg) reduced ICP with- 
out producing the increase in serum osmolality or the 
decreases in serum Na* and K* concentrations ob- 
served after the administration of 1 g/kg of mannitol 
(148). (A note of caution: very small doses of furo- 
semide, such as 5-10 mg intravenously, frequently 
produce a large diuresis under general] anesthesia; it 
is best to start with 5-10 mg intravenously and give 
supplemental doses if adequate diuresis and de- 
creases in ICP are not obtained initially.) Although 
ethacrynic acid decreased ICP in experimental stud- 
ies, we are unaware of significant clinical experience 
using it for this purpose. 
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OSMOTIC PLUS LOOP DIURETICS. Compared with 
mannitol {1.4 g/kg) alone, a 20-min infusion of man- 
nitol (1.4 g/kg) plus furosemide (0.3 mg/kg) in anes- 
thetized patients (N2~O.-thiopental-fentanyl) pro- 
duced a greater volume and rate of water loss, and a 
greater, more consistent and more sustained brain 
shrinkage (149). However, hyperosmolality, hypo- 
natremia, and hypochloremia also were significantly 
greater (P < 0.05) and more sustained with the 
mannitol-furosemide combination (149). Replace- 
ment of the Nat and Cl” loss improved the more 
noticeable lethargy exhibited during the early post- 
operative hours by the patients who had received the 
mannitol—furosemide treatment (149). 

In experimentally induced intracranial hyperten- 
sion (epidural balloon) in anesthetized animals, the 
combination of mannitol (0.75 g/kg (150), 1.0 g/kg (151)) 
and furosemide (0.7 mg/kg) produced a more rapid, 
greater, and more sustained decrease in ICP than did 
either agent alone. Of the various mechanisms pro- 
posed for the synergistic action of mannitol and fu- 
rosemide, the renal effects of the loop diuretics remain 
the most likely primary mechanism (150,151). Reports 
of the effectiveness of furosemide alone in the treat- 
ment of intracranial hypertension have been conflict- 
ing (150). 


Brain Protection 


Brain protection can be defined as prevention or ame- 
lioration of the neuronal damage occurring after an 
hypoxic or ischemic event. Both hypoxia and ischemia 
decrease O, delivery to the brain by either reduced 
O; tension (hypoxemia) or a pathologic decrease in 
CBF (ischemia), as discussed previously. Because the 
pathophysiology in each of these forms of reduced 
O- delivery is different, therapeutic interventions that 
provide protection in one form should not be assumed 
to be effective in other forms. In hypoxemia, the only 
effective compensatory mechanism is increased CBF, 
whereas in incomplete ischemia, the outcome de- 
pends largely on the relationship between residual 
perfusion (O2 delivery) and O, demand. We will dis- 
cuss the major therapies that have been effective in 
at least one form of hypoxia or ischemia; these include 
hypothermia, barbiturates, other anesthetics, and the 
calcium entry blockers. 


Hypothermia 


The capacity of hypothermia to protect the brain dur- 
ing periods of decreased or absent O, delivery is well- 
known and is used daily in cardiac operating rooms. 
The magnitude of the protection is proportional to the 
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decrease in temperature, because cerebral metabolic 
rate decreases as temperature decreases. This rela- 
tionship between temperature and metabolism is ex- 
pressed by the temperature coefficient (Qio), which is 
defined as the ratio of the rates of O- metabolism at 
two temperatures separated by 10°C. The Qio value 
for cerebral metabolism for the temperature range 
27-37°C is 2.2, indicating that cerebral metabolic rate 
at 37°C is 2.2 times that at 27°C (152). | 

Hypothermia decreases the rates of all biochemical 
reactions, including those related to both components 
of CMRo, (neuronal function and cellular integrity). 
This reduced O, demand renders the cells more tol- 
erant of reduced O; delivery. Hypothermia is effective 
in reducing cerebral metabolism whether or not neu- 
ronal electrical acitivity has been abolished by com- 
plete global ischemia. This is in contrast to general 
anesthetics, which affect only that portion of cerebral 
metabolism related to neuronal electrical activity. 

However, hypothermia as a means of brain protec- 
tion is not practical in most circumstances. . Cardio- 
pulmonary bypass is necessary to achieve adequate 
cooling and to provide circulation when the heart fi- 
brillates at 26-28°C. Metabolic acidosis is common be- 
cause of inadequate flow rates, prolonged circulatory 
arrest, and temperature gradients between core and 
peripheral tissues. Oxygenation may be difficult ow- 
ing to the changes in the oxyhemoglobin dissociation 
curve and O, solubility that occur at lower tempera- 
tures. Aggregation or sludging of red blood cells and 
alterations in blood coagulation also may occur, as 
may complications of systemic heparinization. 


Barbiturates 


Barbiturates, discussed in an earlier section, have been 
used for sedation, hypnosis, seizure control, and as 
a component of general anesthesia. Several CNS de- 
pressants (anesthetics) can prolong survival time in 
hypoxic or asphyxiated animals (14,153)—a crude 
measure of brain protection. Barbiturates appear to 
offer the greatest protection in this model of incom- 
plete global ischemia (154,155). The major mechanism 
of action is presumed to be improvement of the ratio 
of O; supply to O2 demand. As noted previously, high 
doses of barbiturates can reduce CMROo, to 40% of 
control (31). Unlike hypothermia, barbiturates reduce 
only the portion of CMRo, that is related to neuronal 
electrical activity. Therefore, they might provide pro- 
tection in instances of incomplete global ischemia in 
which some basal nutrient supply to cerebral’ tissues 
is maintained. Barbiturates also can suppress cate- 
cholamine-induced brain hypermetabolism and sup- 
press seizure activity and its associated increased met- 
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abolic rate, again improving the ratio of O, delivery 
to demand. 

Barbiturates also have been shown to provide some 
brain protection in experimental focal ischemia, that 
is, models of stroke. Treatment with high-dose bar- 
biturates before, or as long as 30 min after, an ischemic 
event have been effective in decreasing neurologic 
and neuropathologic deficits (156-159). The protec- 
tive action of the barbiturates in experimental focal 
ischemia may be due to a reduction in cerebral met- 
abolic demand and vasoconstriction of normal cere- 
bral vessels, which may improve the distribution of 
CBF to diseased areas in which vasomotor paralysis 
is present. Barbiturates also decrease cerebral edema 
and the secretion of CSF which may contribute to 
injury in focal ischemia (160,161). Unfortunately, the 
effectiveness of the barbiturates in humans after strokes 
has not been demonstrated. 

In humans, barbiturates decrease ICP (162) and have 
been used in patients with abnormally high ICP (163) 
during surgery (164) or as the result of head trauma 
(165), encephalitis, or Reye’s syndrome (166). As 
vasoconstrictors, the barbiturates decrease ICP by in- 
creasing cerebrovascular resistance and decreasing ce- 
rebral blood volume (167). In patients with elevated 
ICP, barbiturate-induced reductions were greatest 
when the initial ICP was abnormally high; an increase 
in CPP often accompanied the decrease in ICP. Re- 
duction in ICP appeared to improve survival in pa- 
tients with head injury or encephalitis but not in those 
with stroke (163). 

There are no confirmed studies that barbiturates 
provide protection after complete global ischemia, as 
in models of cardiac arrest (Table 8). One promising 
study that demonstrated improved neurologic recov- 
ery in dogs treated with pentobarbital before complete 
cerebral ischemia (produced by occlusion of the as- 
cending aorta and venae cavae) (168) could not be 
repeated by other investigators (169). Another report 
that massive doses of thiopental given to primates 
after 16 min of complete cerebral ischemia (produced 
by systemic hypotension and neck tourniquet infla- 
tion) could decrease the incidence and severity of neu- 
ropathologic abnormalities and improve neurologic 
function (170) could not be confirmed by the same 
laboratory (171), and the authors could not support 
the use of barbiturates for brain resuscitation (171). 
Others, using a ventricular fibrillation model to produce 
complete cerebral ischemia in cats, also failed to dem- 
onstrate barbiturate protection (172). Interestingly, 
however, this study did demonstrate that severe neu- 
rologic deficit correlated with the presence of an ab- 
normal EEG, which may have reflected increased ce- 
rebral energy expenditures at a time when postischemic 
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Table 8. Protection by Barbiturates in Complete 


Global Ischemia 
Method of 
Study Species ischemia Protection 

Goldstein et al. (168) Dog Vessel ligation Yes 
Steen et al. (169) Dog Vessel ligation No 
Bleyaert et al. (170) Primate Choke Yes 
Gisvold et al. (171) Primate Choke No 
Todd et al. (172) Cat Fibrillation No 


cerebral hypoperfusion existed (173). Cerebral hypo- 
perfusion has been reported to last at least 18 hours 
(dogs) (174). It is presumed that any sudden increases 
in energy demands during this period of hypoper- 
fusion may not be matched by comparable increases 
in O, delivery, resulting in further ischemic brain 
damage. Perhaps suppression of such hyperactivity 
during this period by barbiturates, diazepam, or phe- 
nytoin might improve a patient’s recovery from a se- 
vere ischemic insult (175). The only clinical study in 
which barbiturates were administered after cardiac 
arrest failed to demonstrate any more protection from 
barbiturates than from conventional therapy (176). 
Because none of the studies demonstrating barbitu- 
rate protection during complete global ischemia can 
be confirmed, none of the proposed mechanisms such 
as inhibition of lipid peroxidation (177) or free radical 
scavenging (178-180) can be confirmed. 


Isoflurane 


Although the barbiturates are the most potent phar- 
macologic depressants of cerebral metabolism, most 
anesthetics also produce some cerebral metabolic 
depression, as discussed in an earlier section. Iso- 
flurane produces a dose-related decrease in CMRO, 
until an isoelectric EEG is produced, at which point 
the cerebral metabolic profile is normal. Compatible 
with this cerebral effect of isoflurane is the report that 
in two animal models of incomplete global ischemia, 
isoflurane provided cerebral protection similar to that 
demonstrated for the barbiturates (181). The mecha- 
nisms proposed for this protection include metabolic 
depression secondary to a reduction in cortical elec- 
trical activity and suppression of hypoxic convulsions. 


Calcium Entry Blockers 


During the past few years, interest has focused on 
calcium entry blockers for the treatment of complete 
global cerebral ischemia. Physiologic events occur in 
the postischemic period which, if treated, might im- 
prove neurologic recovery. Cerebral hyperperfusion 
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Table 9. Protection by Calcium Entry Blockers in Complete Global Ischemia 
Study Species Method of ischemia Agent Protection 

White et al. (188) Dog Cardiac arrest Flunarizine Yes 
Newberg et al. (63) Dog Vessel ligation Flunarizine No 
Winegar et al. (189) Dog _ Lidoflazine Yes 
Vaagenes et al. (192) Dog _ Lidoflazine No 
Steen et al. (184) Dog Vessel ligation Nimodipine Yes 
Steen et al. (197) Dog Vessel ligation Nimodipine ? 
Hoffmeister et al. (198) Cat Neck tourniquet Nimodipine Yes 


occurs in the first 10-20 min after restoration of blood 
flow. This transient hyperperfusion is associated with 
vasomotor paralysis, may cause breakdown of the 
BBB and consequent edema formation, and is fol- 
lowed by a prolonged period of hypoperfusion (CBF 
is approximately 25% of control value) (174,175,183). 
Proposed mechanisms for this hypoperfusion include 
coagulation abnormalities, rheologic disorders, mi- 
crovascular endothelial swelling, accumulation of 
vasoactive peptides, or vasospasm secondary to ab- 
normal potassium or calcium ion flux. Suggested ther- 
apeutic approaches include anticoagulants, hemodi- 
lution, or relief of vasospasm. Biochemical derange- 
ments occurring after complete global ischemia 
include depletion of high energy phosphate com- 
pounds (which, however, are quickly restored with 
reestablishment of perfusion), formation of reactive 
free radicals, abnormal fatty acid metabolism (177), 
defective protein synthesis, and increases in intra- 
cellular calcium levels (183). 

Because they may ameliorate the postischemic hy- 
poperfusion (184) and reduce abnormal fatty acid me- 
tabolism (185), calcium entry blockers are being in- 
vestigated for their role in brain protection. Several 
calcium entry blockers are potent cerebral vasodilators 
(186,187). Although initial studies demonstrated that 
flunarizine (188) and lidoflazine (189) could ameliorate 
the postischemic hypoperfusion state, thereby im- 
proving neurologic recovery, these findings have not 
been confirmed (190-192) (Table 9). 

Nimodipine is the most promising calcium entry 
blocker for possible brain protection. Nimodipine in- 
creases total cerebral blood flow in normal cats, dogs, 
rabbits, and primates without increasing cerebral me- 
tabolism (193-196). In a dog model of complete global 
ischemia (ligation of ascending aorta and venae ca- 
vae), nimodipine given either before or after 10 min 
of ischemia partially corrected the postischemic hy- 
poperfusion state (in which CBF averaged 39-46% 
of control value) (184,197). Improved neurologic out- 
come after complete global ischemia has been re- 
ported in cats (198) and dogs (184) pretreated with 
nimodipine. Primates treated with nimodipine after 


17 min of complete global ischemia (systemic hypo- 
tension plus neck tourniquet) also demonstrate nor- 
mal or improved neurologic function (211). 

Nimodipine also has a beneficial effect on cerebral 
vasospasm in humans after subarachnoid hemor- 
rhage (199), and increases CBF in humans with cere- 
brovascular disease (200). However, these promising 
results demonstrating some brain protection with ni- 
modipine must be accepted with caution. The initial 
studies with barbiturates cannot be confirmed. Al- 
though, in similar animal models, nimodipine has 
demonstrated improved neurologic recovery whereas 
the barbiturates did not, confirmation of the nimo- 
dipine studies is necessary before they can be ac- 
cepted. A recent study in a primary focal ischemia 
model. (middle cerebral artery occlusion) demon- 
strated that nimodipine produced higher residual CBF, 
but abolished autoregulation and CO, responsiveness 
and produced cerebral edema and disturbances of ion 
homeostasis at higher blood flow, thereby possibly 
rendering the cerebral tissues more susceptible to is- 
chemia (193). 


Other Agents 


Phenytoin has provided cerebral protection in several 
animal models. The cerebral protection is not due to 
a decrease in cerebral metabolic rate. Proposed mech- 
anisms include stabilization of membranes, thereby 
slowing the release of potassium or influx of calcium 
into ischemic cells (201). 

Midazolam maleate, a new benzodiazepine, also 
has been shown to provide some limited protection 
in animal models of hypoxia. Midazolam is a potent 
depressant of cerebral metabolic rate to 55% of control 
and does not produce the severe hemodynamic 
depression seen with thiopental (35). 

It has been stated that intravenously administered 
lidocaine might provide some protection to the isch- 
emic brain (202). Like hypothermia, lidocaine can de- 
lay the potassium efflux from the brain cortex during 
ischemia. As a local anesthetic, lidocaine blocks the 
sodium channels in the cell and therefore can at least 
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partially block the leak of ions from the cell. If the 
hypothesis that a delay in ischemic metabolic changes 
implies a delay in the appearance of irreversible cell 
damage is correct, then lidocaine might provide pro- 
tection. In addition, lidocaine can depress cortical 
electrical activity, thereby decreasing cerebral metab- 
olism, and can block CNS hyperactivity (that is, sei- 
zures) and their attendant increased metabolic state. 

Etomidate, which decreases both CBF and CMRo, 
in humans, has provided limited cerebral protection 
in several animal models of ischemia (203,204). As 
with the other anesthetics, the presumed mechanism 
of action is a decrease in cortical electrical activity 
producing a decrease in cerebral metabolic rate and 
hence a decrease in cerebral O, demands at a time 
when there is reduced O, delivery. 


Anesthetic Management for 
Nonneurosurgical Procedures in Patients 
with Head or Spinal Trauma 


Neurologic trauma is an ubiquitous problem. During 
a recent 2-yr period, 13% of the 2769 emergency sur- 
gical procedures at one of our affiliated hospitals were 
neurosurgical. A patient with a nonsurgical neuro- 
logic problem who requires surgery for other trauma- 
related disorders presents the anesthesiologist with 
the challenge of providing appropriate anesthesia 
without impairing the patient’s neurologic condition. 
Exemplifying this anesthetic situation are patients with 
closed-head injuries or spinal injuries. 


Intracranial Volume, Pressure 


The pressure volume curve for intracranial compli- 
ance has been presented elsewhere in this article. Some 
cerebral edema is probable in a patient who has suf- 
fered a cerebral contusion or more serious cerebral 
injury. The degree of cerebral edema may be esti- 
mated from a computed tomographic scan. As in pa- 
tients with brain tumors or other intracranial mass 
lesions, the potential for brain herniation exists in four 
areas: transcalvarial (through the skull); cingulate 
(across the falx cerebri); temporal (uncal, through the 
tentorium cerebella); and cerebellar (through the for- 
amen magnum) (133). Monitoring of ICP may be in- 
dicated. The anesthesiologist must be cognizant of the 
potential for rapid increases in ICP during anesthesia, 
unless appropriate preventive measures are taken, as 
discussed previously. 


Systemic Effects of Increased ICP 


A search should be made for systemic signs of in- 
creased ICP (outlined earlier) in the preanesthetic 
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evaluation of patients with closed-head trauma. Con- 
fusion, delirium, restlessness, and hyperventilation 
can precede stupor and coma (205). Bradycardia and 
hypertension can signify brainstem compression. ST- 
segment and T-wave electrocardiographic changes can 
mimic myocardial ischemia. Various degrees of neu- 
rogenic pulmonary dysfunction can occur. 


Anesthetic Management 


As noted previously, the presence of overt or poten- 
tial intracranial hypertension requires an anesthetic 
technigue that will avoid increasing the intracranial 
blood volume while maintaining CPP and adequate 
perfusion. Hypoxia, CO; retention, hypertension, hy- 
potension, and coughing or straining (or both), as 
well as certain anesthetic techniques and drugs, can 
cause rapid neurologic deterioration in a patient with 
a closed-head injury. Appropriate choice of anesthetic 
agents and ventilatory pattern is required. Our gen- 
eral plan for these patients includes hypocapnia, 
avoiding cerebral vasodilating agents unless they are 
indicated for systemic reasons, and control of MAP 
to maintain CPP. 

Avoidance of hypercapnia is critical at all stages in 
the care of patients with head injury. Early tracheal 
intubation may be lifesaving in patients with partial 
airway obstruction and CO, retention. Injury to the 
cervical spinal column should be ruled out before any 
manipulations of the neck are undertaken, unless this 
delay will compromise the patient’s condition (for ex- 
ample, severe airway obstruction). With the airway 
protected, ventilation controlled, and the initial neu- 
rologic evaluation completed, sedation may be ad- 
vantageous in managing an uncooperative or com- 
bative patient with a closed-head injury. 

Monitoring eye signs is important throughout the 
perioperative course, including during any required 
general anesthesia. It is possible for epidural or sub- 
dural (or both) hematomas to accumulate while pa- 
tients are anesthetized for abdominal surgery, or- 
thopedic surgery, or other therapeutic or diagnostic 
procedures. Routine monitoring of eye signs by the 
anesthesiologist can lead to early recognition of these 
lesions, permitting prompt surgical intervention and 
improved prognosis for the patient. 

Concomitant neurologic and nonneurologic inju- 
ries requiring surgical intervention necessitate estab- 
lishment of priorities by the medical team. In some 
instances, neurosurgeons and general or orthopedic 
surgeons can work simultaneously, although this ne- 
cessitates careful planning for appropriate remote po- 
sitioning of anesthesia personnel and equipment. In 
most instances when intraabdominal bleeding coex- 
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ists with an intracranial hematoma, abdominal explo- 
ration proceeds first, because decompression of an 
intracranial hematoma may not improve the patient's 
condition significantly in the presence of hypotension 
and decreased cerebral perfusion. 

Fluid management in patients with multiple trau- 
matic injuries may be difficult. The large volumes of 
crystalloids frequently used in patients with abdom- 
inal trauma can contribute to cerebral edema in a pa- 
tient with accompanying head trauma. A solution of 
5% dextrose in water without saline is contraindicated 
in patients with head trauma, for the reasons outlined 
previously. Monitoring of cardiac filling pressures and 
selection of replacement fluids with the least tendency 
to aggravate cerebral edema are helpful from the neu- 
rologic standpoint. Therapeutic steps such as anti- 
coagulation, which might be of benefit in some pa- 
tients (for example, traction after othopedic injuries), 
may be contraindicated in the early therapy of a pa- 
tient with head injury. 

Certain precautions should be recognized before 
regional anesthesia is used for nonneurosurgical pro- 
cedures in patients with head trauma. Spinal or epi- 
dural anesthesia might increase the risk of neurologic 
damage by causing sudden changes in CSF pressure 
(206). A sudden decrease in spinal CSF pressure could 
precipitate uncal or cerebellar herniation. An increase 
in pressure in the epidural space also could be det- 
rimental. Peripheral nerve or plexus blocks can be 
used in these patients, although surgery under re- 
gional anesthesia in a confused or combative patient 
can be difficult. Judicious sedation in conjunction with 
a regional anesthetic technique may work well, if hy- 
poventilation or airway difficulties (or both) are 
avoided. 

When indicated, general anesthesia utilizing ap- 
propriate agents and techniques based on their effects 
cn cerebral metabolic rate, CBF, intracranial blood 
volume, CSF dynamics, and ICP can make this a safe 
technique. Barbiturates and opiates frequently are 
employed because of their effects on CMR, CBF, and 
ICP. From a neurologic viewpoint, the use of keta- 
mine should be avoided. As noted earlier, the use of 
inhalation agents in patients with increased ICP has 
been controversial, particularly with regard to the use 
of halothane. Clinical studies indicate that halothane 
can be used safely in patients with increased ICP if 
hypocapnia is induced before the halothane is intro- 
duced (138). Recent reports (139,181) suggest that, 
from a neurologic point of view, isoflurane may be 
preferable when a volatile agent is indicated. 

The patient with a closed-head or cervical spinal 
column injury and a full stomach presents problems 
regarding tracheal intubation. Awake intubation or 
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fiberoptic intubation with appropriate sedation may 
be useful in a cooperative patient but can be difficult 
in an uncooperative patient. In addition, coughing, 
straining, or bucking can increase ICP. If a rapid in- 
duction and intubation technique is required, appro- 
priate steps including preoxygenation, head-up tilt, 
cricoid pressure, and rapid intravenous administra- 
tion of thiopental and succinylcholine, with a large- 
bore suction immediately available, should be in- 
cluded. Recognizing that the use of succinylcholine 
in a patient with increased intracranial pressure is 
controversial, we nevertheless have used succinyl- 
choline in patients with intracranial mass lesions, when 
indicated and with appropriate precautions. We also 
have used pancuronium or metocurine to facilitate 
intubation in patients with intracranial mass lesions 
in whom succinylcholine was relatively contraindi- 
cated (see the muscle relaxants section above). It is 
anticipated, and early experience confirms, that atra- 
curium and vecuronium will offer definite advantages 
in these patients. 

Monitoring is critical. In addition to the standard 
esophageal stethoscope, electrocardiogram, temper- 
ature probe, and blood pressure cuff, monitoring of 
direct arterial pressure, end-tidal CO, and pulmo- 
nary artery pressure when indicated may be ex- 
tremely helpful in patients in whom systemic pres- 
sure is unstable and control of Paco, is critical. Excessive 
surgical delays due to placement of arterial or pul- 
monary artery cannulas are not advisable, however, 
because they can increase morbidity secondary to a 
developing intracranial pathology. When a cannula 
has not been inserted before the patient’s arrival in 
the operating room, the anesthesiologist must decide 
whether direct hemodynamic pressure monitoring 
during induction is more important than initially es- 
tablishing increased PaO2, cerebral metabolic depres- 
sion, airway control, and hypocapnia in that patient. 
When relative priorities indicate, arterial and other 
cannulas can be inserted during or after induction of 
anesthesia and tracheal intubation. The importance 
of monitoring pupillary signs already has been stressed. 

As with neurosurgical patients, patients undergo- 
ing other types of surgery with accompanying closed- 
head injuries should be evaluated neurologically be- 
fore leaving the operating room at the end of a pro- 
cedure. Localizing or worsening neurologic signs may 
necessitate further neurologic diagnostic procedures 
at this time. Choice of an anesthetic technique that 
permits the prompt emergence from anesthesia facil- 
itates this neurologic examination immediately after 
surgery. If response to command cannot be elicited, 
a patient’s response to painful stimuli should be intact 
and demonstrate bilateral extremity movement com- 
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patible with the preoperative neurologic examination. 
Early extubation of the responsive awake patient can 
decrease the risk of increased ICP secondary to post- 
operative coughing. Most patients with closed-head 
trauma that is producing delirium or coma will need 
airway support until neurologic improvement ensues, 
however. 


We thank our colleagues, Drs. R. MacKenzie, J. Michenfelder, and 
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References 


1. 


Z: 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Siesjö BK. Brain energy metabolism. New York: John Wiley & 
Sons, 1978. 


Siesjö BK. Brain metabolism and anaesthesia. Acta Anaesthe- 
siol Scand 1978; 70 (suppl):56-9. 


. Astrup J, Symon L, Branston NM, Lassen NA. Cortical evoked 


potential and extracellular K* and H* at critical levels of brain 
ischemia. Stroke 1977;8:51-7. 


. Lassen NA. Cerebral blood flow and oxygen consumption in 


man. Physiol Rev 1959,39:183--238. 


. Mcliwain H. Biochemistry and the central nervous system. 2nd 


ed. Boston: Little, Brown & Company, 1959. 


. Sokoloff L. Metabolism of the central nervous system in vivo. 


In: Field J, Magoun HW, Hall VE, eds. Handbook of physi- 
ology. Section 1: Neurophysiology. Vol. 3. Washington DC: 
American Physiological Society, 1843-64, 1960. 


. Michenfelder JD. Brain hypoxia: current status of experimental 


and clinical therapy. Semin Anesth 1983 (June); 2:81-90. 


. Smith AL, Wollman H. Cerebral blood flow and metabolism: 


effects of anesthetic drugs and techniques. Anesthesiology 
1972;36:378—400. 


. Hoyer $: Normal and abnormal circulation and oxidative me- 


tabolism in the aging human brain. J Cereb Blood Flow Metab 
1982;2(suppi 1)S10—3. 


Artru AA, Michenfelder JD. Effects of hypercarbia on canine 
cerebral metabolism and blood flow with simultaneous direct 
and indirect measurement of blood flow. Anesthesiology 
1980;52:466-9, 


Cohen PJ, Wollman H, Alexander SC, Chase PE, Behar MG. 
Cerebral carbohydrate metabolism in man during halothane 
anesthesia: effects of Paco, on some aspects of carbohydrate 
utilization. Anesthesiology 1964;25:185-91. 


Siesj6 BK. Cerebral metabolic rate in hypercarbia~a controversy 
(editorial). Anesthesiology 1980;52:461-5. 


Alexander SC, Cohen PJ, Wollman H, Smith TC, Reivich M, 
Vander Molen RA. Cerebral carbohydrate metabolism during 
hypocarbia in man: studies during nitrous oxide anesthesia. 
Anesthesiology 1965;26:624—32. 


Arnfred I, Secher O. Anoxia and barbiturates: tolerance to an- 
oxia in mice influenced by barbiturates. Arch Int Pharmacodyn 
Ther 1962;139:67-74. 

Astrup J, Siesjo BK, Symon L. Thresholds in cerebral ischemia- 
the ischemic penumbra. Stroke 1981;12:723-5. 

Sharbrough FW, Messick JM jr, Sundt TM jr. Correlation of 
continuous electroencephalograms with cerebral blood flow 


measurements during carotid endarterectomy. Stroke 
1973;4:674-83, 


17. 


18. 


19. 


20. 


21. 


paa 


22% 


24. 


26. 


27: 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


39. 


36. 


MESSICK ET AL. 


Sundt TM jr, Sharbrough FW, Piepgras DG, Kearns TP, Mes- 
sick JM jr, O'Fallon WM. Correlation of cerebral blood flow 
and electroencephalographic changes during carotid endarter- 
ectomy: with results of surgery and hemodynamics of cerebral 
ischemia. Mayo Clin Proc 1981; 56:533-43. 


Sundt TM Jr, Siekert RG, Piepgras DG, Sharbrough FW, Houser 
OW. Bypass surgery for vascular disease of the carotid system. 
Mayo Clin Proc 1976;51:677-92. 


Lassen NA, Christensen MS. Physiology of cerebral blood flow. 
Br J Anaesth 1976;48:719-34. 


Michenfelder JD. The cerebral circulation. In: Prys-Roberts C, 
ed. The circulation in anaesthesia: applied physiology and 
pharmacology. Oxford: Blackwell Scientific Publications, 
1980:209-25. 


Rosendorff C, Mitchell G, Scriven DRL, Shapiro C. Evidence 
for a dual innvervation affecting local blood flow in the hy- 
pothalamus of the conscious rabbit. Circ Res 1976;38:140-5. 


Kety 55, Schmidt CF. The nitrous oxide method for the quan- 
titative determination of cerebral blood flow in man: theory, 
procedure and normal values. J Clin Invest 1948;27:476-83. 


Strandgaard 5. Autoregulation of cerebral blood flow in hy- 
pertensive patients: the modifying influence of prolonged an- 
tihypertensive treatment on the tolerance to acute, drug- 
induced hypotension. Circulation 1976;53:720-7. 


Féex P. Effects of carbon dioxide on the systemic circulation. 
In: Prys-Roberts C, ed. The circulation in anaesthesia: applied 
physiology and pharmacology. Oxford: Blackwell Scientific 
Publications, 1980:295-309. 


- Okuda Y, McDowall DG, Ali MM, Lane JR. Changes in CO, 


responsiveness and in autoregulation of the cerebral circulation 
during and after halothane-induced hypotension. J Neurol 
Neurosurg Psychiatry 1976;39:221-30. 


Shalit MN, Shimojyo S, Reinmuth OM. Carbon dioxide and 
cerebral circulatory control. I. The extravascular effect. Arch 
Neurol 1967;17:298-303. 


Betz E, Csornai M. Ionic actions on cerebral vessels. Int J Neurol 
1977;11:243~58. 


Rogers RL, Meyer JS, Shaw TG, Mortel KF, Hardenberg JP, 
Zaid RR. Cigarette smoking decreases cerebral blood flow sug- 
gesting increased risk for stroke. JAMA 1983;250:2796-800. 


Steen PA, Newberg L, Milde JH, Michenfelder JD. Hypo- 
thermia and barbiturates: individual and combined effects on 
canine cerebral oxygen consumption. Anesthesiology 
1983;58:527-32. 


Stullken EH jr, Milde JH, Michenfelder JD, Tinker JH. The 
nonlinear responses of cerebral metabolism to low concentra- 
tions of halothane, enflurane, isoflurane, and thiopental. Anes- 
thesiology 1977;46:28-34. 


Michenfelder JD. The interdependency of cerebral functional 
and metabolic effects following massive doses of thiopental in 
the dog. Anesthesiology 1974;41:231-6. 

Pandit UA, Kothary SP, Samra SK, Domino EF, Pandit SK. 
Physostigmine fails to reverse clinical, psychomotor, or EEG 
effects of lorazepam. Anesth Analg 1983;62:679—85. 

Cotev 5, Shalit MN. Effects of diazepam on cerebral blood flow 
and oxygen uptake after head injury. Anesthesiology 
1975;,43:117-22. 

Vernhiet J, Renou AM, Orgogozo JM, Constant P, Caille JM. 
Effects of a diazepam-—fentanyl mixture on cerebral blood flow 
and oxygen consumption in man. Br J Anaesth 1978;50:165-~9. 
Nugent M, Artru AA, Michenfelder JD. Cerebral metabolic, 
vascular and protective effects of midazolam maleate. Anes- 
thesiology 1982;56:172-6. 

Forester A, Juge O. Morel D. Effects of midazolam on cerebral 
blood flow in human volunteers. Anesthesiology 1982;56:453-5. 


PRINCIPLES OF NEUROANESTHESIA 


of, 


38. 


39. 


40. 


41. 


43. 


48. 


49. 


50. 


5l. 


J; 


55. 


56. 


37. 


58. 


59. 


Maekawa T, Sakabe T, Takeshita H. Diazepam blocks cerebral 
metabolic and circulatory responses to local anesthetic-induced 
seizures. Anesthesiology 1974;41:389-~91. 

Thompson TL II, Moran MG, Nies AS. Psychotropic drug use 
in the elderly. N Engl J Med 1983;308:134-8. 

Rockoff MA, Naughton KVH, Shapiro HM, et al. Cerebral cir- 
culatory and metabolic responses to intravenously adminis- 
tered lorazepam. Anesthesiology 1980;53:215-8. 

Power 5J, Morgan M, Chakrabarti MK. Carbon dioxide re- 
sponse curves following midazolam and diazepam. Br J An- 
aesth 1983;55:837-41. 

Carlsson C, Smith DS, Keykhah MM, Englebach I, Harp JR. 
The effects of high-dose fentanyl in cerebral circulation and 
metabolism in rats. Anesthesiology 1982;57:375—80. 


. Takeshita H, Michenfelder JD, Theye RA. The effects of mor- 


phine and N-allylnormorphine on canine cerebral metabolism 
and circulation. Anesthesiology 1972;37:605-12. 


Matsumiya N, Dobi S. Effects of intravenous or subarachnoid 
morphine on cerebral and spinal cord hemodynamics and an- 
tagonism with naloxone in dogs. Anesthesiology 1983;59:175-81. 


. Messick JM JR, Theye RA. Effects of pentobarbital and meper- 


idine on canine cerebral and total oxygen consumption rates. 
Can Anaesth Soc J 1969;16:321-30. 


. McPherson RW, Traystman RJ. Fentanyl and cerebral vascular 


responsitivity in dogs. Anesthesiology 1984;60:180-6. 


. Renou AM, Vernhiet J, Macrez P, Constant P, Billerley J, Khad- 


aroo MY, Caille JM. Cerebral blood flow and metabolism durin 
etomidate anaesthesia in man. Br J] Anaesth 1978;50:1047—-51. 


. Kugler J, Doenicke A, Laub M. The EEG after etomidate. Anes- 


thesiology Resuscitation 1977;106:31-48. 


Herrschaft H, Schmidt H, Gleim F, Albus G. The response of 
human cerebral blood flow to anaesthesia with thiopentone, 
methohexitone, propranidid, ketamine, and etomidate. Adv 
Neurosurg 1975;3:120~33. 

Wagner RL, White PF, Kan PB, Rosenthal MH, Feldman D. 
Inhibition of adrenal steroidogenesis by the anesthetic etomi- 
date. N Engl J Med 1984;310:1415—21. 

Crosby G, Crane AM, Sokoloff L. Local changes in cerebral 
glucose utilization during ketamine anesthesia. Anesthesiology 
1982;56:437—43. 

Fukuda S, Murakawa T, Takeshita H, Toda N. Direct effects 


of ketamine on isolated canine cerebral and mesenteric arteries. 
Anesth Analg 1983;62:553~8. 


. Theye RA, Michenfelder JD. The effect of nitrous oxide on 


canine cerebral metabolism. Anesthesiology 1968;29:1119-24. 


Sakabe T, Kuramoto T, Inoue S, Takeshita H. Cerebral effects 
of nitrous oxide in the dog. Anesthesiology 1978;48:195-200. 


. Pelligrino DA, Miletich DJ, Hoffman WE, Albrecht RF. Nitrous 


oxide markedly increases cerebral cortical metabolic rate and 
blood flow in the goat. Anesthesiology 1984;60:405-12. 


Todd MM, Drummon JC, Shapiro HM. Comparative cerebro- 
vascular and metabolic effects of halothane, enflurane, and 
isoflurane (abstract). Anesthesiology 1982;57:332. 


Drummond JC, Todd MM, Shapiro HM. CO, responsiveness 
of the cerebral circulation during isoflurane anesthesia and N,O 
sedation in cats (abstract). Anesthesiology 1982;57:333. 


Theye RA, Michenfelder JD. The effect of halothane on canine 
cerebral metabolism. Anesthesiology 1968;29:1113-8. 


Michenfelder JD, Theye RA. In vivo toxic effects of halothane 
on canine cerebral metabolic pathways. Am J Physiol 
1975;229:1050—5. 


Michenfelder JD, Cucchiara RF. Canine cerebral oxygen con- 
sumption during enflurane anesthesia and its modification dur- 
ing induced seizures. Anesthesiology 1974;40:573-80. 


60. 


61. 


62. 


63. 


69. 


70. 


76. 


IT. 


78. 


79. 


80. 


81. 


82. 


83. 


ANESTH ANALG 
1985;64:143-74 


171 


Rolly G, Van Aken J. Influence of enflurane on cerebral blood 
flow in man. Acta Anaesthesiol Scand 1979;71 (suppl):59-63. 

Sakabe T, Maekawa T, FujiiS, Ishikawa T, Tateishi A, Takeshita 
H. Cerebral circulation and metabolism during enflurane anes- 
thesia in humans. Anesthesiology 1983;59:532—6. 

Dubois MY, Sato S, Chassy J, Macnamara TE. Effects of en- 
flurane on brainstem auditory evoked responses in humans. 
Anesth Analg 1982;61:898~902. 

Newberg LA, Milde JH, Michenfelder JD. The cerebral meta- 
bolic effects of isoflurane at and above concentrations that sup- 
press cortical electrical activity. Anesthesiology 1983;59:23-8. 


. Wade JG, Stevens WC. Isoflurane: an anesthetic for the eighties? 


Anesth Analg 1981;60:666~82. 


. Eger El u. Isoflurane: a review. Anesthesiology 1981;55:559-76. 
. Rapoport SI. Blood-brain barrier in physiology and medicine. 


New York: Raven, 1976. 


. Artru AA, Nugent M, Michenfelder JD. Anesthetics affect the 


cerebral metabolic response to circulatory catecholamines. J 
Neurochem 1981;36:1941-6. 


. Edvinsson L, Lacombe P, Owman C, Reynier-Refubbel A-M, 


Seylaz J. Quantitative changes in regional cerebral blood flow 
of rats induced by a- and f-adrenergic stimulants. Acta Physiol 
Scand 1979;107:289-96. 


Hardebo JE, Edvinsson L, MacKenzie ET, Owman C. Regional 
brain uptake of noradrenaline following mechanical or osmotic 
opening of the blood-brain barrier. Acta Physiol Scand 
1977;101:342-~50. 


Olesen J. The effect of intracarotid epinephrine, norepineph- 
rine and angiotensin on the regional cerebral blood flow in 
man. Neurology 1972;22:978-87. 


. Emson PC. Peptides as neurotransmitter candidates in the 


mammalian CNS. Prog Neurobiol 1979;13:61-116. 


. Edvinsson L, Hardebo J-E, Owman C. Effects of angiotensin 


II on cerebral blood vessels. Acta Physiol Scand 1979;105:381—3. 


. Wolfe LS, Coceani F. The role of prostaglandins in the central 


nervous system. Annu Rev Physiol 1979;41:669-84. 


. Hallenbeck JM, Furlow TW Jr. Prostaglandin I, and indometh- 


acin prevent impairment of post-ischemic brain reperfusion in 
the dog. Stroke 1979;10:629-37. 


. Sakabe T, Siesj6 BK. The effect of indomethacin on the blood 


flow-metabolism couple in the brain under normal, hyper- 
capnic and hypoxic conditions. Acta Physiol Scand 
1979;107:283~4. 

Hilgenberg JC. Comparison of the pharmacology of vecuron- 


ium and atracurium with that of other currently available mus- 
cle relaxants. Anesth Analg 1983;62:524-31. 

Sokoll MD, Gergis SD, Mehta M, Ali NM, Lineberry C. Safety 
and efficacy of atracurium (BW33A) in surgical patients receiv- 
ing balanced or isoflurane anesthesia. Anesthesiology 
1983;58:450-5, 

Gronert GA, Theye RA. Pathophysiology of hyperkalemia in- 
duced by succinylcholine. Anesthesiology 1975;43:89-99. 
Campkin TV, Turner JM. Neurosurgical anaesthesia and in- 
tensive care. London: Butterworths, 1980. 

Cottrell JE, Giffin JP, Hartung J, Shwiry B. Succinylcholine and 
intracranial pressure in cats (abstract). Anesthesiology 
1982;57:A310. 

Cottrell JE, Hartung J, Giffin JP, Shwiry B. Intracranial and 
hemodynamic changes after succinylcholine administration in 
cats (abstract). Anesth Analg 1983;62:1006-9. 

Marsh ML, Dunlop BJ, Shapiro HM, Gagnon RL, Rockoff MA. 
Succinylcholine-intracranial pressure effects in neurosurgical 
patients (abstract). Anesth Analg 1980;59:550-1. 


Lam AM. Nicholas JF, Mannien PH. Influence of succinyl- 


172 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97, 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


ANESTH ANALG 
1985;64:143-74 


choline on lumbar cerebral spinal pressure in man (abstract). 
Abstracts of Scientific papers, International Anesthesia Re- 
search Society, 1984:102. 


. Bormann BE, Smith RB, Bunegin L, Albin MS. Does succi- 


nylcholine raise intracranial pressure? (abstract). Anesthe- 
siology 1980;53(suppl):5262. 


Paul WL, Bishko JR, Woodham B. Succinylcholine, d-tubo- 
curarine, dimethyltubocurarine, and intracranial pressure in 
dogs. Anesth Analg 1981;60:269. 


Nigrovic V, McCullough LS, Wajskol A, Levin JA, Martin JT. 
Succinylcholine-induced increases in plasma catecholamine 
levels in humans. Anesth Analg 1983;62:627-32. 


Hilgenberg JC, Stoelting RK, Harris WA. Haemodynamic ef- 
fects of atracurium during enflurane—nitrous oxide anaes- 
thesia. Br J Anaesth 1983;55(suppl):81S. 


Morris RB, Cahalan MK, Miller RD, Wilkinson PL, Quasha AL, 
Robinson SL. The cardiovascular effects of vecuronium 
(ORG#NC45) and pancuronium in patients undergoing coro- 
nary artery bypass grafting. Anesthesiology 1983;58:438-40. 


Sokoll MD, Gergis SD, Mehta M, Kemmotsu O, Rudd D. 
Haemodynamic effects of atracurium in surgical patients un- 
der nitrous oxide, oxygen and isoflurane anaesthesia. Br J 
Anaesth 1983;55(suppl):77-98. 


Savarese JJ. Clinical use of muscle relaxants. In: 1984 Review 
course lectures. Cleveland: International Anesthesia Research 
Society, p. 148. 


Chapple DJ, Clark JS. Pharmacological action of breakdown 
products of atracurium and related substances. Br J Anaesth 
1983;55(suppl):11-5S. 

Moss J, Rosow CE. Histamine release by narcotics and muscle 
relaxants in humans. Anesthesiology 1983;59:330-9. 


Basta SJ, Savarese JJ, Ali HH, Moss J, Gionfriddo M. Hista- 


mine-releasing potencies of atracurium, dimethyl tubocura- 
rine and tubocurarine. Br J Anaesth 1983;55(suppl):105-6S. 


Marcus ML, Heistad DD, Ehrhardt JC, Abboud FM. Regu- 
lation of total and regional spinal cord blood flow. Circ Res 
1977;41:128-34. 

Griffiths IR. Spinal cord blood flow in dogs: the effect of blood 
pressure. J Neurol Neurosurg Psychiatry 1973;36:914—20. 
Griffiths IR. Spinal cord blood flow in dogs. 2. The effect of 
the blood gases. J Neurol Neurosurg Psychiatry 1973;36:42-9. 
Whitcomb BB. Complications from surgery on a vulnerable 
spinal cord. Adv Neurosurg 1975;3:331-3. 

Crawford ES, Walker HSJ 11, Saleh SA, Normann NA. Graft 
replacement of aneurysm in descending thoracic aorta: results 
without bypass or shunting. Surgery 1981;89:73-85. 
Jellinger K. Zur Orthologie und Pathologie der Riickenmarks- 
durchblutung. Vienna: Springer-Verlag, 1966:8—41, 55-9. 
Gillilan LA: The arterial blood supply of the human spinal 
cord. J Comp Neurol 1958;110:75-103. 

Mehrez IO, Nabseth DC, Hogan EL, Deterling RA jr. Para- 
plegia following resection of abdominal aortic aneurysm. Ann 
Surg 1962;156:890-8. 

Crawford ES, Rubio PA. Reappraisal of adjuncts to avoid is- 
chemia in the treatment of aneurysms of descending thoracic 
aorta. J Thorac Cardiovasc Surg 1973;66:693—704. 

Hug HR, Taber RE. Bypass flow requirements during thoracic 
aneurysmectomy with particular attention to the prevention 
of left heart failure. J Thorac Cardiovasc Surg 1969;57:203-13. 
Kouchoukos NT, Lell WA, Karp RB, Samuelson PN. Hemo- 
dynamic effects of aortic clamping and decompression with 


a temporary shunt for resection of the descending thoracic 
aorta. Surgery 1979;85:25-30. 


Connolly JE, Kountz SL, Boyd RJ. Left heart bypass: experi- 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


TIZ: 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


MESSICK ET AL. 


mental and clinical observations on its regulation with par- 
ticular reference to maintenance of maximal renal blood flow. 
J Thorac Cardiovasc Surg 1962;44:577-88. 


Cooley DA, Belmonte BA, De Bakey ME, Latson JR. Tem- 
porary extracorporeal circulation in the surgical treatment of 


cardiac and aortic disease: report of 98 cases. Ann Surg 
1957;145:898-914. 


Gott VL. Heparinized shunts for thoracic vascular operations 
(editorial). Ann Thorac Surg 1972;14:219-20. 


Kahn DR, Vathayanon S, Sloan H. Resection of descending 
thoracic aneurysms without left heart bypass. Arch Surg 
1968;97:336-40. 


Carlson DE, Karp RB, Kouchoukos NT. Surgical treatment of 
aneurysms of the descending thoracic aorta: an analysis of 85 
patients. Ann Thorac Surg 1983;35:58-69. 


De Bakey ME, McCollum CH, Graham JM. Surgical treatment 
of aneurysms of the descending thoracic aorta: long-term re- 
sults in 500 patients. J Cardiovasc Surg 1978;19:571-6. 


Najafi H, Javid H, Hunter J, Serry C, Monson D. Descending 
aortic aneurysmectomy without adjuncts to avoid ischemia. 
Ann Thorac Surg 1980;30:326-35. 


Berendes JN, Bredée JJ, Schipperheyn JJ, Mashhour YAS. 
Mechanisms of spinal cord injury after cross-clamping of the 
descending thoracic aorta. Circulation 1982;66(supp] I):1112-6. 


Michenfelder JD, Gronert GA, Rehder K. Neuroanesthesia. 
Anesthesiology 1969;30:65-100. 


Michenfelder JD, Theye RA. Canine systemic and cerebral 
effects of hypotension induced by hemorrhage, trimethaphan, 
halothane, or nitroprusside. Anesthesiology 1977;46:188—95. 


Blaisdell FW, Cooley DA. The mechanism of paraplegia after 
temporary thoracic aortic occlusion and its relationship to spinal 
fluid pressure. Surgery 1962;51:351-5. 


Grundy BL, Nelson PB, Doyle E, Procopio PT. Intraoperative 
loss of somatosensory-evoked potentials predicts loss of spinal 
cord function. Anesthesiology 1982;57:321-2. 


Grundy BL, Nash CL jr, Brown RH. Arterial pressure ma- 
nipulation alters spinal cord function during correction of sco- 
liosis. Anesthesiology 1981;54:249-53. 


Coles JG, Wilson GJ, Sima AF, Klement P, Tait GA. Intra- 
operative detection of spinal cord ischemia using somatosen- 
sory cortical evoked potentials during thoracic aortic occlu- 
sion. Ann Thorac Surg 1982;34:299-306. 


Laschinger JC, Cunningham JN Jr, Catinella FP, Nathan IM, 
Knopp EA, Spencer FC. Detection and prevention of intra- 
operative spinal cord ischemia after cross-clamping of the tho- 
racic aorta: use of somatosensory evoked potentials. Surgery 
1982;92:1109-17. 


Crawford FA Jr, Sade RM. Spinal chord injury associated with 
hyperthermia during aortic coarctation repair. J Thorac Car- 
diovasc Surg 1984;87:616-8. 


Ekstedt J. CSF hydrodynamic studies in man. 2. Normal hy- 
drodynamic variables related to CSF pressure and flow. J Neu- 
rol Neurosurg Psychiatry 1978;41:345—53. 


McComb JG, Davson H, Hyman S, Weiss MH. Cerebrospinal 
fluid drainage as influenced by ventricular pressure in the 
rabbit. J Neurosurg 1982;56:790-7. 


Lindvall M, Edvinsson L, Owman CH. Neurogenic control of 
CSF production from the choroid plexus. In: Shulman K, Mar- 
marou A, Miller JD, Becker DP, Houchwald GM, Brock M, 
eds. Intracranial pressure IV. New York: Springer-Verlag, 
1980:443—-50. 


Mann JD, Cookson SL, Mann ES. Differential effects of pen- 
tobarbital, ketamine hydrochloride, and enflurane anesthesia 
on CSF formation rate and outflow resistance in the rat. In: 
Shulman K, Marmarou A, Miller JD, Becker DP, Hochwald 


he 


~~ 


PRINCIPLES OF NEUROANESTHESIA 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 
134. 
135. 
136. 


‘ 


se 


138. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 
147. 


148. 


GM, Brook M, eds. Intracranial pressure IV. New York: 
Springer-Verlag, 1980;466—70. 

Artru AA. Anesthetics produce prolonged alterations of CSF 
dynamics (abstract). Anesthesiology 1982;57:356. 


Artru AA, Nugent M, Michenfelder JD. Enflurane causes a 
prolonged and reversible increase in the rate of CSF produc- 
tion in the dog. Anesthesiology 1982;57:255-60. 


Myers RR, Shapiro HM. Paradoxical effect of enflurane on 
choroid plexus metabolism: clinical implications. Abstracts of 
Scientific Papers, American Society of Anesthesiologists An- 
nual Meeting, 1978;489-90. 


Artru A. Relationship between cerebral blood volume and CSF 
pressure during anesthesia with halothane or enflurane in 
dogs. Anesthesiology 1983;58:533-9. 

Maffeo CJ, Bedford RF, Van Landingham K, Butler AB. CSF 
outflow resistance and ICP during pentobarbital and halo- 
thane anesthesia in the cat (abstract). Anesthesiology 
1982;57:367. 

Artru AA. Isoflurane does not increase the rate of CSF pro- 
duction in the dog. Anesthesiology 1984;60:193-7. 

Miller JD, Sullivan HG. Severe intracranial hypertension. Int 
Anesthesiol Clin 1979;17:19-75. 

Shapiro HM. Intracranial hypertension: therapeutic and an- 
esthetic considerations. Anesthesiology 1975;43:445—71. 
Fishman RA. Brain edema. N Engl J Med 1975;293:706-11. 
Cushing H. Cited by Miller JD, Sullivan HG (131) 

Kocher T. Cited by Miller JD, Sullivan HG (131) 

Fitch W, McDowall DG, Keaney NP, Pickerodt VWA. Sys- 
temic vascular responses to increased intracranial pressure. 
2. The ‘Cushing’ response in the presence of intracranial space- 
occupying lesions: systemic and cerebral haemodynamic stud- 
ies in the dog and the baboon. J Neurol Neurosurg Psychiatry 
1977;40:843-—52. 

Weidler DJ. Myocardial damage and cardiac arrhythmias after 
intracranial hemorrhage: a critical review. Stroke 1974;5:759—64. 
Adams RW, Gronert GA, Sundt TM Jr, Michenfelder JD. Hal- 
othane, hypocapnia, and cerebrospinal fluid pressure in neu- 
rosurgery. Anesthesiology 1972;37:510~7. 

Adams RW, Cucchiara RF, Gronert GA, Messick JM JR, Mich- 
enfelder JD. Isoflurane and cerebrospinal fluid pressure in 
neurosurgical patients. Anesthesiology 1981;54:97-9. 

Moss E, McDowall DG. I.C.P. increases with 50% nitrous 
oxide in oxygen in severe head injuries during controlled ven- 
tilation. Br J] Anaesth 1979;51:757-60. 

Phirman JR, Shapiro HM. Modification of nitrous oxide-induced 
intracranial hypertension by prior induction of anesthesia. 
Anesthesiology 1977;46:150-1. 

Moss E, Powell D, Gibson RM, McDowall DG. Effects of fen- 
tanyl on intracranial pressure and cerebral perfusion during 
hypocapnia. Br J Anaesth 1978;50:779-84. 

Fisher DM, Frewen T, Swedlow DB. Increase in intracranial 
pressure during suctioning—stimulation vs. rise in Paco». 
Anesthesiology 1982;57:416—7. 

White PF, Schlobohm RM, Pitts LH, Lindauer JM. A random- 
ized study of drugs for preventing increases in intracranial 
pressure during endotracheal suctioning. Anesthesiology 
1982;57:242—4. 

Hamill J, Bedford RF, Pobereskin LH, Weaver D, Colohan A. 
Lidocaine before endotracheal intubation: LTA or IV? (ab- 
stract). Anesthesiology 1980;53(suppl):26. 

Javid M. Cited by Shapiro HM (132) 

Marshall LF, Smith RW, Rauscher LA, Shapiro HM. Mannitol 


dose requirements in brain-injured patients. J Neurosurg 
1978;48:169-72. 


Cottrell JE, Robustelli A, Post K, Turndorf H. Furosemide- 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 


171. 


ANESTH ANALG 173 
1985;64:143-74 


and mannitol-induced changes in intracranial pressure and 
serum osmolality and electrolytes. Anesthesiology 
1977;47:28-30. 


Schettini A, Stahurski B, Young HF. Osmotic and osmotic- 
loop diuresis in brain surgery: effects on plasma and CSF 
electrolytes and ion excretion. J Neurosurg 1982;56:679-84. 


Wilkinson HA, Rosenfeld S. Furosemide and mannitol in the 
treatment of acute experimental intracranial hypertension. 
Neurosurgery 1983;12:405-10. 


Pollay M, Fullenwider C, Robert A, Stevens FA. Effect: of 
mannitol and furosemide on blood-brain osmotic gradient and 
intracranial pressure. J Neurosurg 1983;59:945-50. 

Michenfelder JD, Theye RA. Hypothermia: effect on canine 


brain and whole-body metabolism. Anesthesiology 
1968;29:1107-12. 

Wilhljelm BJ, Arnfred I: Protective action of some anaesthetics 
against anoxia. Acta Pharmacol Toxicol 1965;22:93-8. 

Steen PA, Michenfelder JD. Barbiturate protection in tolerant 
and nontolerant hypoxic mice: comparison with hypothermic 
protection. Anesthesiology 1979;50:404—8. 

Steen PA, Michenfelder JD. Cerebral protection with barbi- 
turates: relation to anesthetic effect. Stroke 1978;9:140—2. 
Hoff JT, Smith AL, Hankinson HL, Nielsen SL. Barbiturate 
protection from cerebral infarction in primates. Stroke 
1975;6:28-33. 

Michenfelder JD, Milde JH. Influence of anesthetics on met- 
abolic, functional and pathologic responses to ree onal cere- 
bral ischemia. Stroke 1975;6:405-10. 

Moseley JI, Laurent JP, Molinari GF. Barbiturate attenuation 
of the clinical course and pathological lesions in a primate 
stroke model. Neurology 1975;25:870—-4. 

Smith AL, Hoff JT, Nielsen SL, Larson CP. Barbiturate pro- 
tection in acute focal cerebral ischemia. Stroke 1974;5:1-7. 
Cevario SJ, Macri FJ. The inhibitory effect of pentobarbitol Na 
on aqueous humor formation. Invest Ophthalmol 1974;13:384-6. 
Clasen RA, Pandolfi S, Casey D jr. Furosemide and pento- 
barbital in cryogenic cerebral injury and edema. ri 
1974;24:642-~8. 


Horsely JS. The intracranial pressure during barbital narcosis. 
Lancet 1937;1:141-3. 

Rockoff MA, Marshall LF, Shapiro HM. High-dose barbiturate 
therapy in humans: a clinical review of 60 patients. Ann Neu- 
rol 1979;6:194~9. 


Shapiro HM, Galindo A, Wyte SR, Harris AB. Rapid intra- 
operative reduction of intracranial pressure with thiopentone. 
Br J Anaesth 1973;45:1057-62. 


Marsh ML, Marshall LF, Shapiro HM. S i intensive 
care. Anesthesiology 1977;47:149-63. 

Marshall LF, Shapiro HM, Rauscher A, Kaufman NM. Pen- 
tobarbital therapy for intracranial hypertension in metabolic 
coma Reye’s syndrome. Crit Care Med 1978;6:1-5. ` 

Pierce EC jr, Lambertsen CJ, Deutsch 5S, Chase PE, Linde HW; 
Dripps RD, Price HL. Cerebral circulation and metabolism 
during thiopental anesthesia and hyperventilation in man. J 
Clin Invest 1962;41:1664—71. 

Goldstein A Jr, Wells BA, Keats AS. Increased tolerance to 
cerebral anoxia by pentobarbital. Arch Int Pharmacodyn Ther 
1966;161:138-43. 

Steen PA, Milde JH, Michenfelder JD. No barbiturate. protec- 
tion in a dog model of complete cerebral ischemia. Ann Neurol 
1979;5:343--9. 

Bleyaert AL, Nemoto EM, Safar P, Stezoski SW, Mickell JJ, 
Moossy J, Rao GR. Thiopental amelioration of brain damage 
after global ischemia in monkeys. Anesthesiology 1978;49:390-8. 


Gisvold SE, Safar P, Hendrickx HHL, Rao G, Moossy J, Alex- 


174 


T72, 


173. 


174. 


` 175. 


176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


ANESTH ANALG 
1985;64:143-74 


ander H. Thiopental treatment after global brain ischemia in 
pigtailed monkeys. Anesthesiology 1984;60:88-96. 


Todd MM, Chadwick HS, Shapiro HM, Dunlop BJ, Marshall 
LF, Dueck R. The neurologic effects of thiopental therapy 
following experimental cardiac arrest in cats. Anesthesiology 
1982;57:76-86. 


Steen PA, Milde JH, Michenfelder JD. Cerebral metabolic and 
vascular effects of barbiturate therapy following complete global 
ischemia. J Neurochem 1978;31:1317-24. 


White BC, Winegar CP, Henderson O, Jackson RE, Krause 
G, O'Hara T, Goodin T, Vigor DN. Prolonged hypoperfusion 
in the cerebral cortex following cardiac arrest and resuscitation 
in dogs. Ann Emerg Med 1983;12:414-7. 


Michenfelder JD: Barbiturates for brain resuscitation: yes and 
no. Anesthesiology 1982;57:74-5. 


Abramson N5, Safar P, Detre K, et al. Results of a randomized 
clinical trial of brain resuscitation with thiopental (abstract). 
Anesthesiology 1983;59:A101. 


Smith DS, Rehncrona S, Siesj6 BK. Inhibitory effects of dif- 
ferent barbiturates on lipid peroxidation in brain tissue in 
vitro: comparison with the effects of promethazine and chlor- 
promazine. Anesthesiology 1980;53:186—94. 


Cooper AJL, Pulsinelli WA, Duffy TE. Glutathione and as- 
corbate during ischemia and postischemic reperfusion in the 
rat brain. J Neurochem 1980;35:1242—5. 


Rehncrona $, Smith DS, Akesson B, Westerberg E, Siesjé BK. 
Peroxidative changes in brain cortical fatty acids and phos- 
pholipids, as characterized during Fe** ascorbic acid-stimu- 
lated lipid peroxidation in vitro. J Neurochem 1980;34:1630-8. 


Siesj6 BK, Rehncrona S, Smith D. Neuronal cell damage in 
the brain: possible involvement of oxidative mechanisms. Acta 
Physiol Scand 1980;492(suppl):121-8. 


Newberg LA, Michenfelder JD. Cerebral protection by iso- 
flurane during hypoxemia or ischemia. Anesthesiology 
1983;59:29-35. 


Ames A III, Wright RL, Kowada M, Thurston JM, Majno G. 
Cerebral ischemia. II. The no-reflow phenomenon. Am J Pa- 
thol 1968;52:437-53. 


Siesj6 BK: Cell damage in the brain: a speculative synthesis. 
] Cereb Blood Flow Metab 1981;1:155-85. 


Steen PA, Newberg LA, Milde JH, Michenfelder JD, Nimo- 
dipine improves cerebral blood flow and neurologic recovery 
after complete cerebral ischemic in the dog. J Cereb Blood 
Flow Metab 1983;3:38—-43. 


White BC, Winegar CD, Wilson RF, Hoehner PJ, Trombley 
JH yr. Possible role of calcium blockers in cerebral resuscita- 
tion: a review of the literature and synthesis for future studies. 
Crit Care Med 1983;11:202-7. 


Towart R, Wehinger E, Meyer H, Kazda 5. The effects of 
nimodipine, its optical isomers and metabolites on isolated 
vascular smooth muscle. Arzneimittelforsch 1982;32:338—-46, 


Van Nueten JM, Vanhoutte PM. Selectivity of calcium antag- 
onism and serotonin antagonism with respect to venous and 
arterial tissues. Angiology 1981;32:476-84. 


White BC, Gadzinski DS. Hoehner PJ, Krome C, Hoehner T, 
White JD, Trombley JH jr. Effect of flunarizine on canine 
cerebral cortical blood flow and vascular resistance post car- 
diac arrest. Ann Emerg Med 1982;11:119~-26. 


Winegar CP, Henderson O, White BC, et al. Early ame- 
lioration of neurologic deficit by lidoflazine after fifteen min- 
utes of cardiopulmonary arrest in dogs. Ann Emerg Med 
1983;12:471-7, 


Dean JM, Hoehner PJ, Traystman RJ, Rogers MC. Effect of 
lidoflazine on total and regional cerebral blood flow after global 
ischemia (abstract). Anesthesiology 1983;59:A99. 


191. 


192. 
193. 


194. 


195. 
196. 


197. 


198. 
199. 
200. 
201. 
202. 
203. 
204. 


205. 


206. 
207. 
208. 


209. 
210. 


211. 


MESSICK ET AL. 


Newberg LA, Steen PA, Milde JH, Michenfelder JD. Failure 
of flunarizine to improve cerebral blood flow or neurologic 
recovery in a canine model of complete cerebral ischemia. 
Stroke 1984;15:666-71. 


Vaagenes P, Cantadore R, Safar P, Alexander H. Effect of 
lidoflazine on neurologic outcome after cardiac arrest in dogs 
(abstract). Anesthesiology 1983;59:4100. 


Harper AM, Craigen L, Kazda 5. Effect of the calcium antag- 
onist, nimodipine on cerebral blood flow and metabolism in 
the primate. J Cereb Blood Flow Metab 1981;1:349-56. 


Haws CW, Gourley JK, Heistad DD. Effects of nimodipine on 
cerebral blood flow. J Pharmacol Exp Ther 1983;225:24-8. 


Hoffmeister F, Kazda $, Krause HP. Influence of nimodipine 
on the postischemic changes of brain function. Acta Neurol 
Scand 1979;60(suppl 72):358. 


Kazda S, Hoffmeister F, Garthoff B, Towart R. Prevention of 
the postischemic impaired reperfusion of the brain by ni- 
modipine. Acta Neurol Scand 1979;60:302-3. 


Steen PA, Newberg LA, Milde JH, Michenfelder JD. Cerebral 
blood flow and neurologic outcome when nimodipine is given 
after complete cerebral ischemia in the dog. J Cereb Blood 
Flow Metab 1984;4:82—7. 


Hoffmeister F, Benz U, Heise A, Krause HP, Neuser V. Be- 
havioral effects of nimodipine in animals. Arzneimittelforsch 
1982;32:347-60. 


Allen GS, Ahn HS, Preziosi TJ, et al. Cerebral arterial spasm— 
a controlled trial of nimodipine in patients with subarachnoid 
hemorrhage. N Engl J Med 1983;308:619-24. 


Auer LM, Oberbauer RW, Schalk HV. Human pial vascular 
reactions to intravenous nimodipine-infusion during EC-IC 
bypass surgery. Stroke 1983;14:210-3. 


Artru AA, Michenfelder JD. Cerebral protective, metabolic 
and vascular effects of phenytoin. Stroke 1980;11:377-82. 


Astrup J, Skovsted P, Gjerris F, Sorensen HR. Increase in 
extracellular potassium in the brain during circulatory arrest: 
effects of hypothermia, lidocaine, and thiopental. Anesthe- 
siology 1981;55:256-62. 


Wauquier A, Ashton D, Clincke G, Niemegeers CJE. Anti- 
hypoxic effects of etomidate, thiopental and methohexital. 
Arch Int Pharmacodyn Ther 1981;249:330—4. 


Wauquier A, Clincke G, Ashton D, Van Reempts J. Consid- 
erations on models and treatment of brain hypoxia. Dev Neu- 
rosci 1981;13:95—114. 


Plum F, Posner JB. The diagnosis of stupor and coma, 2nd 
ed. Philadelphia: FA Davis, 1972:2-5. 


McKay RD. Head trauma. In: Newfield P, Cottrell JE, eds. 
Handbook of neuroanesthesia: clinical and physiologic essen- 
tials. Boston: Little, Brown, 1983:328. 


Hoffman WE, Miletich DJ, Albrecht RF. Cerebrovascular re- 
sponse to hypotension in hypertensive rats: effect of anti- 
hypertensive therapy. Anesthesiology 1983;58:326-32. 


Mercier J, Mercier E. Action de quelques alcaloides secon- 
dairess de l’opium sur I’electro-cortigramme du chien. CR Soc 
Biol 1955;149:760-2. 


Lanier WL, Milde JH, Michenfelder JD. Cerebral effects of 
atracurium. Anesthesiology 1984;61:A361. 


Piscol K. Die Blutversorgung des Rtickenmarkes und ihre klin- 
ische Relevanz. Berlin: Springer-Verlag, 1972:1—77. 


Steen PA, Gisvold SE, Milde JH, Newberg LA, Scheithauer 
B, Lanier WL, Michenfelder JD. Nimodipine improves out- 
come when given after complete cerebral ischemia in pri- 
mates. Anesthesiology (in press). 


Clinical Report 


ANESTH ANALG: 175 
1985;64:175-8 


Subdural Migration of an Epidural Catheter 


Craig T. Hartrick, MD, Charles E. Pither, MD, Umeshraya Pai, MD, P. Prithvi Raj, MD, and 


Thomas A. Tomsick, MD 


Catheter techniques for providing continuous epi- 
dural analgesia have enjoyed widespread use. Prop- 
erly placed and properly managed, epidural catheters 
can be left in place for prolonged periods. Catheters 
initially placed within the epidural space have, how- 
ever, been reported to migrate subsequently to intra- 
vascular or subarachnoid positions (1,2). In addition, 
“massive extradural spread” (as distinguished from 
subarachnoid injection) that sometimes follows the 
introduction of small amounts of local anesthetic dur- 
ing attempted epidural anesthesia has been attributed 
to subdural injection (3). Although initial placement 
of epidural catheters into the subdural space has been 
documented radiographically (4,5), to our knowl- 
edge, no case of delayed migration into a subdural 
position has been reported. The following is a case 
report describing subdural migration of an epidural 
catheter after four days in the epidural space. 


Case Report 


A 54-yr-old, 50-kg woman with a 15-yr history of post- 
traumatic back, hip, and knee pain resulting from 
multiple fractures was admitted to the pain service. 
She had previously undergone total knee and total 
hip replacements, but continued to experience exten- 
sive myofascial pain with significant functional limi- 
tation. Having failed to respond to therapeutic injec- 
tions of myoneural trigger points in concert with 
outpatient physical therapy, the patient was admitted 
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for continuous epidural analgesia and intensive phys- 
ical therapy. 

An epidural catheter was inserted at the L3—4 in- 
terspace using a midline approach with a 17-gauge 
Tuohy needle. A Curity catheter was inserted without 
difficulty 3 cm into the epidural space. After a 2-ml 
test dose of 2% lidocaine, 20 ml of 3% 2-chloropro- 
caine was administered in increments and retrograde 
differential studies performed. The upper extent of 
anesthesia as determined by pinprick was T5. The 
patient tolerated the procedure well, and after com- 
plete regression of sensory blockade, 3 ml of 2% lid- 
ocaine followed by 15 ml of 0.5% bupivacaine in 5-ml 
increments was administered. Anesthesia was there- 
after maintained with a continuous infusion of bu- 
pivacaine, 0.25%, at a rate of 10 ml/hr. This resulted 
in a band of sensory analgesia, as determined by pin- 
prick, from T12 through L4 on the right and T12 through 
L5 on the left. Due to excessive motor blockade on 
the second day, the infusion was changed to bupiv- 
acaine, 0.1%, at 15 ml/hr with 9 mg/hr of meperidine. 
This resulted in excellent analgesia, reduced sensation 
to pinprick in the lumbar dermatomes bilaterally, and 
return of full motor function. 

The morning of the fourth day of infusion, the 
patient had her usual physical therapy exercises. Ap- 
proximately 30-45 min later, while sitting in bed, she 
noticed a rapidly ascending level of anesthesia that 
soon produced tingling fingers. Systolic blood pres- 
sure was 70 mm Hg and she complained of nausea. 
The epidural infusion was immediately discontinued 
and the hypotension corrected with intravenous fluid 
administration. Sensory examination revealed hy- 
poesthesia from C6 through $5 bilaterally, without 
significant loss of somatic motor function. Initially, it 
was felt the catheter might have migrated into the 
subarachnoid space, despite the absence of motor 
weakness. However, no CSF could be aspirated 
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Dural sac 


Figure 1. AP view. Contrast medium introduced through the cath- 
eter in supine position outlines the lower extent of the dural sac. 


through the catheter. The position of the catheter was 
examined radiographically. Eight ml of metrizamide 
was injected through the catheter. Radiographic find- 
ings indicated that the majority of contrast entered 
the subdural space (Figs. 1,2), although it is impos- 
sible to rule out the presence of some contrast in the 
subarachnoid space at the caudal termination of the 
thecal sac. 

At this point in the clinical course, the therapeutic 
goal had been only partially realized. Withdrawal of 
the catheter back into the epidural space or reinsertion 
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Figure 2. Lateral view. Contrast fails to outline nerve roots. The 
posterior extent of the subdural space is not well seen as the thin 
layer of dye is easily obscured by the superimposed facet regions. 


were considered, but it was felt that leaving the cath- 
eter in the subdural space would be both therapeu- 
tically effective and safe if the rate of infusion and the 
concentration of local anesthetic injected were de- 
creased. The infusion was therefore resumed, after a 


2 ml bolus of bupivacaine, 0.1%, using 3 ml/hr of 
= 
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0.05% bupivacaine. This produced no evidence that 
sensory block was obtained. On the next day, there- 
fore, a 2-ml bolus of bupivacaine, 0.5%, was admin- 
istered over 5 min; this resulted in loss of pinprick 
sensation from T10 through L3 on the right and from 
T8 through L4 on the left without motor weakness. 
The previous infusion was continued, however, but 
by the next morning, there was again no detectable 
sensory level. At this time, another 2-ml bolus bu- 
pivacaine, 0.5%, was administered, which again re- 
sulted in a band of hypoesthesia from T9 through L4 
on the right and T9 through L5 on the left. All bolus 
injections were carried out in a 45° head-up semire- 
cumbent position. The infusion was discontinued the 
next day and the catheter removed. The skin fixation 
was found to be unchanged from the time of insertion 
and the catheter was complete and undamaged. The 
patient was discharged with considerable improve- 
ment in back and hip mobility without a headache at 
any time during the treatment. 


Discussion 


The subdural space is the potential space between the 
dura and the arachnoid membranes. Solutions intro- 
duced into this space can be expected to distribute 
widely. Unlike the epidural space, which is obliter- 
ated above the foramen magnum by the fusion of the 
dura to the periosteum of the cranium, no such lim- 
itation is imposed upon the subdural space. Conse- 
quently, local anesthetic injected subdurally can 
produce a state resembling that of total spinal, hence 
the misnomer “massive extradural” (3). 

Clinically, subdural block can be distinguished from 
spinal block in that the former generally produces 
only moderate hypotension, a level of anesthesia with 
slow onset and relatively rapid recovery, and pro- 
gressive respiratory depression, as opposed to sud- 
den apnea (3,6). Even when small amounts of local 
anesthetics are injected, the drug is spread over a 
wide area. This extensive spread results in a weak 
and sometimes patchy anesthesia (5). Radiographi- 
cally, the appearance of the subdural space after in- 
jection of contrast media has been well described be- 
cause this space is not uncommonly entered during 
attempted myelography (7). The deliberate injection 
of small amounts of neurolytic agents into the sub- 
dural space under fluoroscopic control has been de- 
scribed as an effective method for control of cancer 
pain (8). 

In the case presented, the clinical course was con- 
sistent with a catheter placed within the epidural space 
with subsequent migration, perhaps during vigorous 
exercise, into a subdural space. The onset of anes- 
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Figure 3. Normal Jumbar myelogram (subarachnoid injection) for 
comparison. The pointed lower end of the subarachnoid space is 
well identified. Nerve roots and cauda equina are clearly outlined. 


thesia was gradual, perhaps over 30-45 min which is 
consistent with previously described subdural injec- 
tions. The lack of significant motor block is also con- 
sistent with subdural injection. The infusion of bu- 
pivacaine at 1.5 mg/hr, over presumably less than one 
hour, represented, nevertheless, a mass of drug suf- 
ficient to ascend as high as C6, as determined by 
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hypoesthesia to pinprick. Dispersion of this amount 
of drug over such a wide region would be expected 
to lack sufficient density to induce motor blockade. 

The radiologic findings after metrizamide injection 
were highly suggestive of the presence of the contrast 
material in the subdural space. An epidural injection 
would be free to spread into the caudal canal. Radio- 
logic visualization of dye above the level of the caudal 
canal is, however, difficult in the AP view, as the 
subdural space is so narrow that only a very thin film 
of contrast material is present. The lateral view better 
demonstrates the extent of spread (Figs. 2(A), (B)), 
but fails to outline nerve roots or cord as would be 
expected on subarachnoid injection (Fig. 3). 

Further clinical confirmation of placement of the 
tip of the catheter in the subdural space was obtained 
after the subsequent bolus injections. Segmental sub- 
arachnoid anesthesia can, of course, also occur, as in 
this case, when the tip of a catheter lies in subarach- 
noid space (9,10). However, a bolus injection of 10 
mg of bupivacaine in 2 ml, if introduced slowly into 
the lumbar subarachnoid space, would have been ex- 
pected to induce a low spinal block that extended to 
include all sacral roots, sensory as well as motor (11). 
However, on both occasions, a band of segmental 
analgesia, sparing the sacral roots, was produced, 
without motor block. Additionally, the small amounts 
of local anesthetic that were injected after migration 
of the tip of the catheter would have been, in our 
experience, sufficient to maintain subarachnoid block; 
however, this mass of drug was inadequate, when 
injected into the subdural space, to maintain any de- 
monstrable sensory blockade by pinprick examination. 

While epidural catheters can be safely used for pro- 
longed periods, migration into subarachnoid, intra- 
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vascular, or subdural positions can occur. The sub- 
arachnoid and subdural migrations can be distin- 
guished on clinical and radiologic grounds. Migration 
of well placed epidural catheters is quite uncommon, 
but the incidence may increase as epidural catheters 
are left in situ for longer periods of time in physically 
active patients. Nevertheless, if continuous infusions 
of drugs into epidural catheters are to be safely ad- 
ministered, maintenance of the correct position of the 
tip of the catheter must be assured by frequent mea- 
surements of the levels of anesthesia achieved. 
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Letters to the Editor 


Be Aware and Read 


To the Editor: 


Many times we take for granted in our practice as anesthe- 
sidlogists the color of drug vials or ointments without ac- 
tually reading the labels. In our department we lubricate 
our endotracheal tubes with lidocaine ointment 5% (E. 
Fougera and Company, Division of Byk-Gulden, Inc.). The 
same manufacturer makes a nitroglycerin ointment 2%. Both 
tubes have a yellow stripe around them (Fig. 1). Both shades 
of yellow are very similar. The nitroglycerin ointment 2% 
found its way into our anesthesia equipment drawer and 
was applied to an endotracheal tube as lubrication. The 
endotracheal tube was not inserted because it was noted 
that the ointment was more yellowish in color. Then looking 
more carefully it was noted to be nitroglycerin ointment 
2%. We must never relax our vigil. Be aware and read all 
labels. 


Murray A. Kalish, MD 
Department of Anesthesiology 
University of Maryland Hospital 
22 South Greene Street 
Baltimore, MD 21201 


Figure 1. Above: lidocaine ointment 5%; below: nitroglycerin oint- 
ment 2%. 
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Skin Blood Flow Measured by 
Thermal Clearance Method 
in Anesthesia 


To the Editor: 


General anesthesia is associated with circulatory changes 
(1), the complexities of which are so great they are often 
difficult to measure noninvasively under clinical conditions. 
We have recently used the noninvasive techniques for mea- 
surement of thermal clearance described by Roussel et al. 
(2) as a means for evaluating microcirculation responses to 
general anesthesia under clinical conditions. While not nec- 
essarily applicable to other circulatory beds, the results shed 
light on one aspect of thermoregulation during anesthesia 
and may be helpful in establishing more generalized con- 
cepts and principles regarding the effects of anesthesia on 
the microcirculation. 

The thermal clearance technique described by Roussel 
et al. is based on measurement of thermal conductivity us- 
ing a probe applied to the skin. The probe includes a disc 
20-mm in diameter and 4-mm thick, in the center of which 
is a heating device (Fig. 1). The skin temperature gradient 
between the center and the periphery of the probe is mea- 
sured from twelve thermocouples (Cu—Ce) in series. Six hot 
junctions are located in the center and six cold junctions in 
the periphery. The mean skin temperature of the periphery 
is calculated with allowance for discarding variations due 
to direction of blood flow. Therefore, the probe is hardly 
affected by the presence of a large vessel or undirectional 
blood flow. The proportional, derivative, and integrative 
actions of this automated device maintain a constant tem- 
perature gradient of 2°C between the center and the pe- 
riphery of the probe (with an accuracy of 3 x 10~*°C). The 
electrical power necessary to maintain the constant tem- 
perature gradient is dependent on the skin blood flow. The 
heat produced in the center of the probe is removed by the 
flow of blood. The decrease in temperature, therefore, rep- 
resents blood flow. 

An example of the use of this probe is as follows: A 27- 
yr-old man, without a history of cardiovascular disease, was 
scheduled for internal saphenous vein stripping. Premed- 
ication given 1 hr before surgery consisted of 1 mg fluni- 
trazepam, 25 mg alimemazine, and 0.5 mg atropine intra- 
muscularly. After baseline measurements were made, 5 mg 
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Figure 1. The probe, which allows measurement of thermal con- 
ductivity, includes a disk applied to the skin. Its schematized sur- 
face is shown. Symbols: @, heating center; *, hot thermocouple 
(Cu-Ct); *, cold thermocouple (Cu—Ct). 
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Figure 2. Four parameters were simultaneously registered for 25 
min, before, during, and after induction of general anesthesia. 
Abbreviations: DRO, droperidol intravenous bolus; PHENO, phen- 
operidine intravenous bolus; PRO, propanidid infusion; INTUB, 
tracheal intubation; INCIS, skin incision; T,, skin temperature; A, 
the expression of thermal conductivity (1 x 1074 cal/cm °C-sec). 


droperidol and 1 mg phenoperidine were given intrave- 
nously at time zero (Fig. 2). Three minutes later anesthesia 
was induced by the intravenous infusion of propanidid. Six 
minutes after the droperidol and phenoperidine were given, 
10 mg alcuronium was given and orotracheal intubation was 
performed. Heart rate, mean arterial pressure, skin blood 
flow, and skin temperature were measured at 1 min intervals. 

As shown in Figure 2, skin blood flow changed before 
heart rate, mean arterial pressure, or skin temperature did. 
One minute after droperidol and phenoperidine, skin blood 
flow had increased about 10%. It increased another 10% 
after intubation of anesthesia with propanidid, at which 
time the heart rate started to increase. Hypotension (a 30% 
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decrease in mean arterial pressure) was not associated with 
a decrease in cutaneous blood flow. Skin temperature, the 
least reliable index of cardiovascular changes, increased not 
only slowly, but also slightly.. 

Measurement of skin blood flow by thermal clearance is 
a reliable, noninvasive, and sensitive technique with con- 
siderable potential as a method for monitoring of the mi- 
crocirculation and quantification of the pharmacologic ef- 
fects of anesthetics on this circulation under clinical 
conditions. 


Christian-Serge Degoute, MD 
Jean-Louis Saumet, MD 


Vincent Banssillon, MD 

Service d’ Anesthésie-Réanimation 

Service d’Exploration Fonctionnelle Vasculaire 

Centre Hospitalier Lyon-Sud, 69310-——Pierre-Benite, France 


Alain Dittmar, PhD 


. Laboratoire LA 181, CNRS, Faculté de Médecine 


8, avenue Rockefeller, 69008—Lyon, France 


Clearance from Cerebrospinal Fluid 
of Intrathecally Administered 
B-Endorphin in Monkeys 


To the Editor: 


We read with interest the article by Lee et al. (1) regarding 
the clearance from cerebrospinal fluid of intrathecally ad- 
ministered B-endorphin in monkeys. However, we ques- 
tion their conclusion that B-endorphin is eliminated from 
spinal fluid by bulk diffusion similar to inulin based on the 
unity of clearance ratio. 

The rate of elimination of a drug after an intravenous 
bolus administration can be described by 


dA 
rT CI. C (1) 
where A is the amount of the drug in the body, CI is the 
total body clearance of the drug, and C is the concentration 
of the drug in the plasma. 
Integrating equation (1): 


-f oda = f c-cede (2) 


Ay ~ An = | Cl+Cod (3) 


where Ay is the amount of the drug in the body at zero 
time, and A. is the amount of the drug at infinite time after 
administration. 

Because at infinite time all the drug will be eliminated 
from the body, A: equals zero. After an intravenous bolus 
administration, the amount of the drug at zero time should 
represent the dose D. Assuming first order elimination of 
the drug, i.e., clearance is a constant, equation (3) then 
becomes: 


Kat 
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D= CI-f Cede (4) 
For drugs A and B, respectively, 
Da = Cla- f; Card (5) 
Ds = Cla- |, Ca- dt (6) 


Making the following assumptions: intravenous bolus 
administration, first order elimination, and the doses for 
drugs A and B are the same, equations (5) and (6) then 
equal: 


ee Cla- f Ca- dt Š Cla- f Ca- di (7) 


That is, 





E EN (8) 


where AUC, is the area under the plasma concentration vs 
time curve of drug A, and AUC; is the area under the 
plasma concentration vs time curve of drug B. 

Equation (8) is the clearance ratio stated in the article. 
Even though the authors administered the drugs intrathe- 
cally and determined the concentration of drugs in the spinal 
fluid, one simply needs to substitute the spinal fluid con- 
centration of the drugs for the drug concentrations in the 
plasma in equation (8). The authors found the clearance 
ratio to be close to unity and suggested that B-endorphin 
is cleared from spinal fluid similar to that of inulin, i.e., by 
bulk absorption. 

However, without knowing the specific activity of ['*C]- 
inulin, one does not know whether the dosages of ['*C]- 
inulin and B-endorphin were the same. Even if this as- 
sumption holds, the fact that the clearance ratio of two 
drugs equals unity means that these two drugs are cleared 
in the body by the first order process and does not neces- 
sarily mean that they are cleared by the same mechanism, 
e.g., passive diffusion, filtration through a pore, or enzy- 
matic degradation. Both drugs can be eliminated by the first 
order process. However, one drug can be eliminated by 
passive diffusion, whereas the other drug can be eliminated 
by enzymatic degradation at low dose range. 

In summary, in our opinion, the suggestion from the 
authors that B-endorphin is eliminated from spinal fluid by 
bulk absorption similar to inulin appears to be questionable. 


Sheng K. Lin, PhD, MD 


Kevin K. Tremper, PhD, MD 

Department of Anesthesiology 

University of California, Irvine Medical Center 
101 City Drive South #81A 

Orange, CA 92668 
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In Response: 


We appreciate the comments by Drs. Lin and Tremper. 

Our method of deriving clearance ratio from the areas 
under the respective curves of elimination is utilized in 
studies of elimination of drugs from the plasma compart- 
ment. We feel that this technique is applicable to elimination 
of drugs from the cerebrospinal fluid (CSF) compartment 
as well. 

The elimination of inulin is recognized to be a first order 
process because it is eliminated passively by bulk absorption 
of CSF, which is dependent only on hydrostatic pressure 
and rate of CSF formation (1). It is not known whether the 
elimination of B-endorphin is strictly first order, though this 
is suggested by the parallel slopes of the respective elimi- 
nation curves in our study. 

When calculating ratio of clearance of two substances by 
determining respective areas under the curves of elimina- 
tion as we have done, it is true that the doses of the two 
species should be numerically equal, as Lin and Tremper 
point out. However, this mathematical relationship also re- 
mains true if the amounts of each drug injected are stand- 
ardized as one unit dose and respective concentrations are 
expressed as fraction of unit dose per volume of plasma or 
CSF sampled. Our data analysis is based on this. 

Our data show that the rate, but not necessarily the 
mechanism, of elimination of B-endorphin from the CSF is 
similar to that of inulin. The latter substance is eliminated 
solely by bulk absorption of CSF, which is passive filtration 
of spinal fluid through the sieve-like processes of the arach- 
noid villi (1). Indeed, the clearance rate of inulin from CSF 
is a direct measure of the rate of bulk absorption of CSF 
much in the same way that clearance rate of inulin from 
plasma is a direct measure of glomerular filtration. If one 
postulates a critical pore size for this, it is conceivable that 
a variety of substances is filtered freely by the arachnoid 
villi, as demonstrated by Welch and Pollay (2). It would 
seem that B-endorphin (MW 3300) may be of appropriate 
molecular size for filtration when compared to inulin 
(MW 5000), although other factors such as molecular struc- 
ture and charge are also important. 

In any case, we feel that comparison of the rate of clear- 
ance of an intrathecally administered substance such as 
f-endorphin to that of inulin is a pharmacologically useful 
measurement. This technique permits us to conclude that 
the elimination of B-endorphin from CSF appears to be 
relatively prolonged and at least as slow as the elimination 
of inulin. As we stated in our article, this may explain the 
observation that intrathecally administered B-endorphin 
seems to have a longer duration of action than that of in- 
trathecal morphine (3). 


Victor C. Lee, MD 


Michel Dubois, MD 
Georgetown University Hospital 
3800 Reservoir Rd., NW 
Washington, DC 20007 


Richard S. Burns, MD 
National Institute of Mental Health 
9000 Rockville Pike 

Bethesda, MD 20205 


182 ANESTH ANALG 
1985;64:179-82 


References 


1. Heisey SR, Held D, Pappenheimer JR. Bulk flow and diffusion in the 
cerebrospinal fluid system of the goat. Am J Physiol 1962;203:775-81. 


2. Welch K, Pollay M. Perfusion of particles through arachnoid villi of the 
monkey. Am J Physiol 1961;201:651-4. 


3. Yaksh TL, Henry J. Antinociceptive effects of intrathecally administered 
human -endorphin in the rat and cat. Can J Physiol Pharmacol 
1978;56:754—-9. 


Psychomotor Tests and 
“Street Fitness” 


To the Editor: 


We enjoyed reading the article by Denis et al. (1), but would 
like to offer a few comments. The authors used enflurane 
or isoflurane for 25-150 min, but there is no mention of the 
duration of effect of these two different anesthetics used 
on the psychomotor tests. 

The study demonstrated a high percentage of errors in 
patients tested at 1.5 hr on the track tracer. Experience in 
ambulatory surgical centers indicates that many patients 
having 25-30 min anesthetics are discharged “street fit” in 
one hour, at a time when, according to this study, they 
may have had abnormal results by psychomotor testing. 

Patients undergoing surgery on eyes, arms, or dominant 
hands were excluded from this study because of these pa- 
tients’ inability to take these tests. This limits the admin- 
istration of these tests, if they are necessary at all, in most 
ambulatory surgery, in which a significant number of pa- 
tients undergo eye or arm surgery. Results obtained from 
these psychomotor tests vary with each individual patients, 
because recovery from anesthesia varies from patient to 
patient, and thus results obtained from other patients can- 
not be extrapolated to patients who cannot take these tests. 

The track tracer test, compared to polar pursuit and peg- 
board tests, was proved to be reliable, but the validity of 
the track tracer test as a test for “street fitness” is ques- 
tionable. The authors state that the track tracer test deter- 
mines return to preoperative baseline performance during 
“temporary arousal” during recovery, but that it “depends 
on fine motor control” and may not accurately reflect “dis- 
turbed higher motor functions.” This indicates poor cor- 
relation of the test to ‘street fitness,” which the authors 
acknowledge. Yet, in the next sentence they state that the 
test is an adequate measure of recovery from anesthesia. 

Finally, we were surprised when they suggested using 
the track tracer test for medicolegal purposes! No one wants 
to take a permanent record of this test to the court of law 
in the belief that results of this test would defend anesthe- 
siologists when the correlation of this test to “street fitness” 
has not been confirmed. 

These psychomotor tests have been effectively used to 
compare the effect of drugs on the brain objectively, but do 
clinical anesthesiologists really need a psychomotor test to 
decide street fitness? 
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Patrick Healy, MD 
Tadikonda L.K. Rao, MD 


Loyola Untversity Stritch 
School of Medicine 

2160 South First Avenue 

Maywood, IL 60153 
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In Response: 


The comments made by Doctors Healy and Rao refer mainly 
to “street fitness,” a criterion that was not used in our study. 
They also compared this study to their clinical experience, 
the parameters (sample, type of surgery, length of anes- 
thesia, etc.) of which may significantly differ from those we 
indicated. The confusion of “street fitness” with the param- 
eters used in our study leads them to a discussion of the 
internal validity of the study (flaws in the study) instead of 
its external validity (the degree to which the results may be 
generalized). 

Moreover, when comparing the results of our study with 
“street fitness” they should bear in mind the fact that the 
vertical bars in Figure 3 represent roughly two-thirds of the 
cases in the sample (+1 sp). One-third of the cases (i.e., 
the extreme values) are not represented on the graph, which 
illustrates the standard deviation rather than the range (see 
Fig. 3); the cases they mention are probably those with a 
short anesthesia period (less than the average of 50 min) 
corresponding to the (quote) “patients having 25-30 min 
anesthetics discharged street fit in one hour.” 

The fact that the test was not used with patients who 
had surgery of the eye or the dominant arm refers to the 
external validity of the study and is probably of minor im- 
portance because the test should be used within a battery. 
It was not our intent to suggest that one test alone be used 
for medicolegal purposes! Furthermore, any research on a 
test should be replicated many times by different investi- 
gators and norms established before it can be used for this 
purpose. As indicated in the paper, “the correlation be- 
tween the results on the track tracer and ‘street fitness’ 
should be measured” before it is used for clinical purposes. 

The fundamental issue with the use of psychomotor tests 
in the evaluation of recovery from anesthesia probably lies 
in the fact that it is difficult to distinguish between residual 
motor paralysis and the residual effect of the anesthetic 
agents (enflurane or isoflurane) used. The issue of “tem- 
porary arousal” during testing cannot easily be solved be- 
cause it is difficult to know if the sample of the performance 
during testing is representative of the condition of the patient. 


R. Denis, MD 


J. Letourneau, PhD 
University of Montreal 
Montreal, Quebec, Canada 


D. Londorf, MD 
McGul University 
Montreal, Quebec, Canada 
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Book Review 


Computing in Anesthesia and Intensive Care 
Omar Prakash, ed. Boston: Martinus Nijhoff, 1983. 


Computing in Anesthesia and Intensive Care, edited by Omar 
Prakash of Erasmus University, Rotterdam, is a collection 
of papers from the Second International Symposium on this 
topic, held in Rotterdam on September 6-10, 1983. As is 
typical for this type of volume, the contributions cover a 
variety of topics at a variety of levels from different points 
of view. The book is noteworthy in that it appeared very 
soon after the symposium. 

The 33 contributions cover a wide range of computer 
applications, ranging from relatively well-established areas 
such as drug dosage calculations to developing areas such 
as automatic control of anesthesia delivery and nuclear mag- 
netic resonance. The editors provide no categorization of 
papers, and as a result, the book is somewhat difficult to 
use. It would have been a great help if the keynote speakers 
and the major tutorials had been identified and if the papers 
had been grouped or identified in general categories. Even 
the inclusion of the symposium program would possibly 
have helped. The reader is left to organize the material for 
himself. 

My classification of topics includes three tutorial articles, 
six articles related to data management, four on educational 
applications, five on computer control of anesthesia, three 
on electrophysiologic monitoring, four that involve nu- 
merical analysis or calculations, six on a variety of moni- 
toring applications, and a few miscellaneous articles. Some 
of the papers describe original research, some present tu- 
torial material on specific techniques, and a few describe 
experiences with commercial equipment. The authors gen- 
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erally assume the reader is familiar with computers, but not 
an expert. However, even the papers presenting original 
research do not present much detail. A neophyte reader 
would need to refer extensively to the references given. 

Because the pages were photo-offset from manuscripts 
submitted by the authors, there is no uniformity of type, 
page layout, or format for figures and references. However, 
the production quality of the book is excellent, and the text 
and figures are generally easy to read. The use of word 
processors for preparation of many of the original manu- 
scripts, as would be expected from computer-oriented re- 
searchers, had a significant positive impact on readability. 
There were a number of typographical errors, but fewer 
than might be expected in view of the speed of preparation 
of the book. 

This book is probably most appropriate for a reader seek- 
ing a general idea of the types of computer applications 
currently being investigated in anesthesia and intensive care. 
The editors, publisher, and authors are to be commended 
for providing the volume so quickly. Although the coverage 
is not comprehensive, most of the areas currently being 
investigated are represented. As with most proceedings, 
the quality varies considerably among the papers. The book 
is not sufficiently detailed for an investigator who is seri- 
ously considering becoming involved in a particular area, 
but it does provide a useful snapshot of where these kinds 
of applications stand today. 


J. Robert Boston, PhD 

Department of Anesthesiology 

University of Pittsburgh School of Medicine 
Pittsburgh, PA 15261 
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“Pepper” Jenkins—distinguished anesthe- 
siologist, gentleman, scholar, and racon- 
teur—will address our meeting on a topic that 
he certainly exemplifies. The [ARS is honored 
to have him grace our podium as he has the 


specialty for so many years. 


T. H. Seldon, MD, FFARCS() 


Rochester Minnesota/Sun City Arizona 





The 1985 T. H. Seldon Distinguished Lecture 
is the third to be sponsored by the Interna- 
tional Anesthesia Research Society to honor 
Dr. T. “Harry” Seldon for his distinguished 
service to the Society and to the specialty as 
Editor of Anesthesia and Analgesia for 23 years 
before his retirement in 1977. 
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ABSTRACTS 


Title: MIDAZOLAM PHARMACODYNAMICS AND PHARMACOKINETICS IN DOGS DURING ACUTE HYPOVOLEMIA 


Authors: P Adams, M.B., S Gelman, M.D.,Ph.D., JG Reves, M.D., DJ Greenblattt, M.D., JM Alvis, M.S., E Bradley, Ph.D.* 
Affiliation: Departments of Anesthesiology, and Biostatistics and Biomathematics*, University of Alabama in Birmingham, 
Birmingham, Alabama, 35294, Division of Clinical Pharmacologyt, New England Medical Center, Boston, 


Massachusetts 02111 


Introduction: There are data suggesting that midazolam 
increases venous capacitance with subsequent 
compensatory mobilization of splanchnic blood volume 
into the systemic circulation.(1) These data might mean 
that in  hypovolemic states midazolam induced 
venodilation would not be accompanied with a 
compensatory blood volume mobilization, resulting in 
reduced cardiac output (CO) and hypotension. This study 
was designed to test the hypothesis that acute 
hypovolemia would compromise the compensatory 
hemodynamic mechanisms to midazolam and prolong its 
clearance and action. 

Methods: Experiments were performed on 8 female 
beagle dogs. Four days prior to the experiment, a 
pediatric Swan-Ganz catheter was inserted into the 
pulmonary artery and another catheter was introduced 
into the right femoral artery. The external ends of the 
catheters were brought out through the back of the neck 
by subcutaneous tunnel. Dogs were allowed to recover. 
Each dog received two doses of midazolam, 10 mg/kg, 
four days apart during normovolemic (N) and hypovolemic 
(H) states in a random order. Hypovolemia was achieved 
by withdrawal of 1/3 of calculated blood volume 
(26 ml/kg) Midazolam concentrations were determined 
by electron capture gas liquid chromatography in blood 
samples taken at 0.25, 0.5, 1, 2, 3, 4, 5, 6, 8, 10, and 12 
hrs post-midazolam injection. Midazolam protein binding 
was determined by equilibrium dialysis using C-14 labeled 
midazolam. 

Results: Midazolam, 10mg/kg, did not produce 
unconsciousness during normovolemia; however, all 
norvolemic dogs were slightly agitated and unable to walk 
or stand after midazolam. After phlebotomy all dogs 
were recumbent and 2 were unconscious. After 
midazolam administration during hypovolemia, four dogs 
were asleep (10 to 30 min) and the remaining 4 dogs were 
asleep briefly (5 to 10 min). Hemodynamic results are 
presented in Table 1. Midazolam caused a significant 
decrease in systolic blood pressure (SBP) and an increase 
in heart rate (HR) during N and produced significant 
decreases in SBP, diastolic blood pressure (DBP), and 
mean arterial pressure (MAP) during H. After the 
administration of midazolam, HR, blood pressure (BP), 
and CO were significantly lower during hypovolemia than 
during the normovolemic state; however, there were no 
significant differences in the percent change in BP and 
CO between the two states. Elimination half-life (t% 8) 
was significantly longer and total clearance was 
significantly lower during H than during N. Volume of 
distribution and protein binding were similar in both N and 
H states (Table 2). 

Discussion: Hypovolemic dogs experienced a more 
profound hypotension than normovolemic animals. 
Midazolam appears to produce slightly greater 
hypotension In the hypovolemic dog (23% decrease in 
MAP) than reported after diazepam (10%). (2) 
Pharmacokinetic differences between states N and H for 
midazolam are probably related to a decrease in hepatic 
blood flow which always occurs during hypovolemia. (3) 


Despite the fact that midazolam led to similar decreases 
in BP and CO percentage wise in states N and H, the 
absolute values of BP and CO were much lower in the 
hypovolemic state. These data suggest that midazolam, 
as many other intravenous agents, (2) can be dangerous 
for the hypovolemic patient. 
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Table | 
Hemodynamics Variables After Midazolam 
During Normovolemic and Hypovolemic¢ States 


TIME HR MAP CO PCWP 
(min) (bpm) (mmHg) (1/min) (mmHg) 
o N 134420.1  123417.4 1.09+0.30 6,943.1 
H 118+28.3 80+31.5+  0,4840.22+ 4.5+0.9% 
5 N 161424.8b  109+22.54 0.95+0.29 5.7+4.6 
H 108+20.7+ 58+16.7#C 0.42+0.16+ 3.9+0.6 
tg N  148429.3  107419,7a 1.02+0.46 6,444.7 
H 105+19.2# 614+17.7#b 0.49+0.20% 3.9+0.6* 


Values are Mean + S.D. HR = heart rate, MAP = mean 
arterial pressure, CO = cardiac output, PCWP = 
pulmonary capillary wedge pressure. *p < 0.05, 
+ p< 0.001 vs normovolemic values at corresponding time; 
a p< 0.05, P p < 0.01, © p < 0.001 vs values at time zero at 
corresponding state. 


Table 2 
Pharmacokinetic Variables of Midazolam 
During Normovolemic and Hypovolemic States 


Normovolemic Hypovolemic 


Half-life 1.9 + 0.9 3.2 + 1.8* 
(tB hrs) 

V] 1.6 + 1.5 17+ 1.1 
(1/kg) 

vd 8.8 + 4.6 10.9 + 5.0 
l/kg) 

Clearance 63.2 + 17.6 40.8 + 25.9% 
(ml/kg/min) äi 

Protein Binding 95.9 + 3.2 95.6 + 2.3 
(percent) 


Values are Mean + $.D. *p < 0.05 vs normovolemic state. 


Vi = apparent volume of central compartment, Vd = 
apparent volume of distribution. 
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Introduction: Two common methods of evaluating Conclusion: In this study, T4 stimulation is 
responses to muscle relaxant administration are more sensitive in detecting changes in neuro- 
evoked single twitch (ST) nerve stimulation and muscular function for both Atc and Vec as shown by 
evoked train-of-four (T4) nerve stimulation. S&T lower ED95 values, shorter onsets, and longer 
stimulation at 0.15 Hz has been found to be durations of action. However, clinically when 
clinically relevant for determining adequate assessing potency and time to good intubating 
neuromuscular blockade for tra¢heal intubation and conditions, ST data yield more useful information. 
abdominal surgical relaxation. T4 stimulation (2 In assessing recovery, when the ST has returned to 
Hz for 2 sec once every 10 sec) offers the control, the T4 ratio for both atracurium and 
advantage oÈ following recovery from neuromuscular vecuronium has recovered more than the classical 
blockade without, ghe need for establishing a relaxants. However, for neither drug is the value 
control response. ’ Additionally, it has been greater than 75%. Thus for assessing recovery from 
shown for the older relaxants (d-tubocurarine, neuromuscular blockade, T4 nerve stimulation 
metocurine, and pancuronium) that when the ST remains superior to ST. 
returns spontaneously to control height, the mean 
train-of-four ratio is less than 50%. This study References: 
was undertaken to define for the new relaxants, 1. Ali HH, Savarese JJ: Anesthesiology 52:36, 1980. 
atracurium (Atc) and vecuronium (Vec), which method 2. Ali HH, Savarese JJ: Anesthesiology 45:216, 
of nerve stimulation is clinically most useful. 1976. 

3. Lee C: Anesthesia & Analgesia 54:649, 1975. 

Methods: ASA Class I and II patients, age 4. Ali HH, Savarese JJ et al: Anesthesiology 
18-59, were studied. Each patient gave written, 54:294, 1981. 
institutionally approved informed consent. All 5. Litchfield JT, Wilcoxon F: J Pharm & Exp 
were premedicated one hour preoperatively with Therapeutics 95:99, 1949. 


diazepam 0.15 mg/kg p.o. and morphine 0.1 mg/kg 
I.M. Anesthesia was induced with fentanyl 
(6 ug/kg) and thiopental (4-8 mg/kg). The trachea 











was intubated without a relaxant using topical Table I 
anesthesia. Ventilation was controlled to maintain ATRACURIUM 
end-tidal co, in the range of 35-40 mmHg. 
Anesthesia waS maintained with N,0/0, at a ratio of 95% 
4L/2L. After a stable neuromuscular response of 10 Dose Stimi- y Onset Recovery 
minutes, a bolus dose of relaxant was administered (me/ke} lation Block Gan) (aan) 
and onset time to maximum block and duration to 95% 
recovery were recorded. . The dosage groups were as 0,2 ST 73.2+11.1 6.64+0.4 33.5+2.9 
follows (mg/xg): Atc ~ 0.06, 0.1, 0.2, 0.4, 0.5; T4  94.130.3* 3.940.5* 44,142.4% 
Vecuronium — 0.02, 0.04, 0.06, 0.1. For each drug, a 7 7 
approximately half of the subjects were monitored 0.4 ST  98.9+0.7 3.9+0.5 51.14+2.7 
using ST responses at 0.15 Hz and half using T4 T4  99,840.1 1.7+0.2* 63.5+2.7* 
responses at 2 Hz for 2 seconds repeated every 10 = = = 
seconds. These responses were generated by 0.5 ST 100 2,340.2 59.14+1.9 
stimulating the ulnar nerve at the wrist using T4 100 1.74+0.1* 67.645 .4%% 
Square-wave-supramaximal pulses and monitoring the — — 
mechanical response of the adductor pollicis. In *p at least¢0.05; ** T4/T1 at 95% ST = 0.69+0.04 
the ST groups, when the response had returned to 7 
control levels, a T4 was performed and the ratio Table II 
documented. VECURONIUM 

Dose response curves were generated for each 
group using the method of Litchfield and 95% 
Wilcoxon. Results were analyzed using a student's Dose Stinu- y Onset Recovery 
t-test where appropriate. A p<0.05 was considered (me/ke) lation Block (an) laia) 
statistically significant. Values expressed are 
means + standard error. 0.04 ST 72.6414.1 5.340. 26.743.7 


5.3+0.5 
T4 97,.64+1.4* 3.34+0.6% 31,4+1,8* 
Results: Dose-response curves for ST and T4 g 





stimulation for Atc showed a good fit and 0.06 ST 99.1+0.7 4.0+0.5 42.543.2 

parallelism but ED95 values differed significantly. T4  99.940.1 2.74+0.2% 35.741.2* 

The same was true for Vec., Single twitch ED95 for = ~ = 

atracurium was 0.26 mg/kg and 0.20 mg/kg for T4. 0.10 ST 100 3,840.3 48 A+3.7 

ST ED95 for Vec was 0.056 mg/kg while for T4 it was Th 100 1.54+0.1* 63.347.6%* 

0.037 mg/kg. ete D aaan aa 
The other neuromuscular response data is shown *p at least <0.05; ** T4/T1 at 95% ST = 0.60+0.06 


in Table I for Atc and Table II for Vec. 
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Introduction: It has been shown that an Table 1 
intubating dose of succinylcholine (SCh) 1.0 mg/kg — e a ock. Onser Cima, = 
potentiates, and prolongs the action of Se a 
pancuronium and d-tubocurarine neuromuscular block 7 
and only potentiates atracuyium blockade when given Atr 0.3 mg/kg 98.8+0.3 3.94+0.3 
35 minutes after SCh. It is generally (Group A) (92-100) (1.7-6.5) 
acknowledged that SCh is still the relaxant most 
commonly used for laryngoscopy and tracheal Atr 0.3 mg/kg 93.0+2.6 5,340.4 
intubation, After recovery from SCh, it is after SCh 1.0 mg/kg (73-100) (3.2-7.5) 
customary to maintain surgical relaxation with a (Group B) 
nondepolarizing agent. Atracurium (Atr), an 
intermediate acting nondepolarizing relaxant has Significance 0.001 0.005 0.01 0.025 


recently become available for clinical use. Its 
elimination depends on Hofmann reaction and ester 
hydrolysis. The purpose of this study is to Table 2 
evaluate the effect of SCh 1.0 mg/kg on the 
response to a subsequent dose of atracurium, 
depicting a clinically practiced protol. 





Recovery Times (min) 


Injection — 
. n 95% 5-95% 25-75% 

Methods: Thirty aduit ASA I-II surgical OEE ES Re a ee See a 
patients 19-61 years old were studied after signing Group A 48.94+2.5 27.141.7 11.14+0.8 
an institutionally approved informed consent. (33-69.5) (13-43) (6-19) 
Premedication was diazepam 0.15-0.2 mg/kg p.o. and 
morphine 0.1-0.15 mg/kg I.M. an hour before Group B 32.7+1.4 21.7+0.5 9.3+0.7 
induction, Control transduced evoked thumb (26.5-40.7) (20-22.5) (7 .5-12.7) 
adduction was obtained in response to supramaximal 
ulnar nerve stimulation at 0.15 Hz via two Significance P<0.001 0.05 P<0.1 0.1 P<0.2 
percutaneous needle electrodes inserted at the 
wrist under lidocaine skin infiltration. 


: : : à All data are mean+SEM and range. 
Anesthesia was induced with sodium pentothal 


5.0 mg/kg and 60% nitrous oxide in oxygen and 
ventilation was assisted via a face mask. Patients 
were divided into two groups. Group A (n=20) was 
given atracurium 0.3 mg/kg 30 secohes after 
induction. Group B  (n=10) intubation was 
accomplished in both groups at maximum twitch 
inhibition and ventilation was controlled with 
N,0-0 4:2 (L/min). In Group B when the twitch 
recovered to 5% control height, atracurium 0.3 
mg/kg was administered. End tidal co and 
temperature were maintained in the normal range. 
Increments of fentanyl and pentothal were given 
when clinically indicated. The following 
measurements were obtained: maximum percent block, 
onset time, recovery times from injection to 5% and 
95% twitch height, and from 5~95% and 25-75% twitch 
height. Results were compared with student's 
t-test for unpaired data. Changes were considered 


It appears that an intubating dose of SCh delayed 
the onset of atracurium peak effect and 
diminished the magnitude of block. This may be 
explained by an agonist-antagonist interaction 
during partial SCh block. While atracurium 
recovery time from injection to 95% was 
significantly shortened after SCh, the 5-954 time 
and the recovery index (25~75%) were not 
significantly different. Although ester 
hydrolysis of atracurium is independent of 
plasmacholinesterase, enzymatic hydrolysis may 
have been induced by SCh. This may explain the 
faster recovery in Group B. In conclusion, SCh 
did not appear to potentiate or prolong 
atracurium neuromuscular block under this study 
protocol. The latter may explain the difference 
in the results when compared with previous 


studies. 
significant when p<0.05. CEN 
: : - , References: 
Results and Discussion: The onset time to SCH Po Katz RL: Anesthesiology 35:602-6, 1971b. 
maximum block was 1.044+0.1 min and recovery to 5% 2, Stirt JA, Katz RL, Murray DL et al: Br J 
twitch height was 8.0+0.9 min. Other data are hnaceek 55715-55. 1983 


summarized in Tables 1 and 2. 
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Introduction. Administration of potassium 
chloride (KCl) has become routine in the periopera- 
tive management of cardiac surgery patients. Present 
literature focuses on the potential dysrhythmic 
effects of hypokalemia, yet it is admitted that 
dysrhythmias definitely attributable to hypokalemia 
have been rare or absent (1). Administration of KCl 
while on cardiopulmonary bypass (CPB) has been 
considered safe, but untoward peripheral vascular 
response can result (2). In this study we report 
the effects of omitting supplementary potassium in 
cardiac surgery patients. 


Methods. Eighteen patients not on digitalis 
and/or diuretics undergoing cardiac surgery with CPB 
were studied, after Human Studies Committee approval 
and informed eonsent. Serum Kt were recorded prior 
to anesthesia; every 30 minutes on CPB; immediately 
after CPB; and at six-hour intervals until 24 hours 
affer anesthetic induction. All obligatory Kt given 
in perioperative IV solutions, cardioplegia, and 
bank blood was recorded. Potassium loss was 
measured and recorded, comprising perioperative 
urine, operative suction loss, the CPB discard, and 
postoperative drainage. EKG was recorded throughout 
the study period with dysrhythmias and EKG signs of 
hypokalemia being specifically elicited. No supple- 
mentary Kt was administered to any patient in the 
study. 


Results, Mean serum Kt prior to induction was 
4.3 mEq/l. Lowest serum Kt levels were those immed- 
iately after CPB (mean 4.0 mEq/1) and on return to 
the ward six hours after induction (mean 3.9 mEq/1). 
From this point in spite of a continued diuresis and 
no Kt administration the serum Kt rose in all 


patients to achieve a level within normal laboratory 
limits in all patients but one, (mean at 24 hour 
post induction 4.9 mEq/1). This was seen in spite 
of a net loss of Kt in all patients (mean 80 mEq). 
No dysrhythmias were seen except in one patient 
responsive to lidocaine, nor were ECG changes 
associated with hypokalemia noted. 


Discussion. Emphasis has been placed on 
avoiding hypokalemia in cardiac anesthesia, and the 
addition of supplementary potassium is advocated in 
the perioperative period to maintain a normal serum 
value. Acute hypokalemia during cardiac surgery can 
result from respiratory alkalosis, hyperglycemia, 
bicarbonate administration, and diuretics, but this 
hypokalemia is spontaneously correct in the post- 
operative period (the Kt which shifted into cells 
being given up to the serum). Serum Kt accounts 
for 0.5% of total body Kt and there is a large 
intracellular reservoir from which acute diuretic 
losses can be made up. Iatrogenic hyperkalemia 
from overadministration, or too rapid an administra- 
tion, of potassium may be a far greater hazard than 
a transient and self-correcting hypokalemia seen 
in the normal course of cardiac surgery without 
supplemental potassium administration and this study 
suggests that supplemental potassium can be safely 
omitted in the perioperative period. 


References. 
1. Santoli FM, et al: International Anesthesiology 
Clinics 14:190, 1976. 
2. Schwartz AJ: Journal of Thoracic Cardiovascular 
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Introduction. The recognition of opioid 
receptors In the spinal cord and the accessibility 
of the spinal space by the epidural and intrathecal 
routes has proven to have significant clinical 
importance. In spite of the early promise of this 
newly developed method of opioid administration, 
various complications have been reported since the 
inception of spinal opioid analgesia in clinical 
practice in 1979, respiratory depression and arrest 
being the most significant. Theoretically, 
respiratory depression following spinal admini- 
stration of opioids such as morphine is due to a low 
lipophilicity which results in large amounts of the 
drug remaining in the cerebrospinal fluid. 
Consequently, these high opioid concentrations are 
capable of ascending toward the brain stem 
respiratory control centers and reducing respiratory 
drive. It has been suggested that opioids of higher 
lipid solubility may be less likely to produce this 
complication. Sufentanil has a higher lipid 
solubility than morphine (n-octanol/water partition 
coefficient = 3.95 for sufentanil] and 0.36 for 
morphine) and thus may be less likely to produce 
respiratory depression. This study therefore 
examined the ability of spinally administered 
sufentanil to block noxiously evoked activity of 
neurons in the dorsal horn of cat spinal cord. This 
was done in order to evaluate the possible analgesic 
effectiveness of spinal sufentanil. 


Methods. Cats were anesthetized with a 
halothane, nitrous oxide, oxygen mixture for 
surgical procedures which included tracheostomy, 
arterial and venous cannulation, lumbar laminectomy, 
and mid-collicular decerebration. Following 
decerebration, anesthesia was discontinued, and 
animals were ventilated with F702 = 0.21. 

Cardiac and respiratory parameters were monitored 
and kept within physiologic ranges. A tungsten 
microelectrode with a 10 megohm impedance was 
advanced into the spinal cord to record 
extracellular neuronal activity from single wide 
dynamic range (WDR) neurons. WDR receptive fields 
on the footpads of the hindpaw were stimulated by 
noxious radiant heat (51€) which was focused on 
the center of the receptive field. Following 
contro] studies, the normal saline which had been 
bathing the spinal cord was removed, and sufentanil, 
2.5 and 5.0 ug, dissolved in 0.5 mi of physiologic 
Saline, was applied gently to the spinal cord. I.V. 
naloxone (0.1 mg) was administered 30 minutes later. 


Results. The noxiously evoked activity of all 
WDR neurons studied was significantly suppressed by 
spinally administered sufentanil. Suppression was 
seen within 3 minutes of drug administration, and 
maximum suppression occurred approximately 30 
minutes after administration of sufentanil (activity 


was suppressed to 55% and 20% of control values by 
2.5 ug and 5 ug doses, respectively). Recovery to 
approximately 80% of control values occurred within 
80 minutes following the spinal administration of 
2.5 ug of sufentanil. Recovery following the 5 ug 
dose took much longer. Naloxone reversal following 
intravenous administration (0.1 mg) was demonstrated. 

Discussion. The results of the present study 
have demonstrated a dose-dependent naloxone 
reversible suppression of WDR neurons following 
Spinal administration of sufentanil. The 
suppression of noxiously evoked activity compares 
very favorably with suppression produced by other 
opiates that have been shown to produce excellent 
spinal opioid analgesia. Sufentanil's relatively 
high lipophilicity should result in less drug 
remaining in the CSF and thus reduce the potential 
for respiratory depression, The duration of action 
was relatively long, probably due to its strong 
receptor affinity. This study suggests that in 
light of the significant suppression of noxiously 
evoked activity by a relatively lipid soluble, long 
acting drug, sufentanil may be a desirable drug of 
choice for spinal opioid analgesia. 

(Supported by NIH Grant NS-09871) 
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Fig. 1 
The effect of spinal sufentanil on the noxiously 
evoked activity of WDR neurons (n=7 for both 2.5 and 
5 ug). 
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Introduction: The present study was undertaken 
to obtain quantitative assessment of the 
neuromuscular effect of Atracurium in patients 
undergoing surgery for revascularization of the 
myocardium and to evaluate a protocol to shorten 
the onset time required to achieve 95% single 
twitch suppression (STS). 


Method: Ten patients (ASA III, 40-60 years 
old), scheduled for coronary artery by-pass 
grafting (CABG), divided randomly into two groups 
of five each (Group A and B), were premedicated 
with morphine 0.1 mg/kg, scopolamine 0.3 to 0.4 mg 
I.M. and loarzepam l mg p.o. In addition to the 
standard hemodynamic monitoring for CABG, the 
neuromuscular blockade was monitored by recording 
evoked thumb adduction in response to supramaximal 
ulnar nerve stimulation at the wrist(at a frequency 
of 0.15 Hz). Group A patients received a 
pretreatment dose of Atracurium 0.05 mg/kg foilowed 
5 minutes later by a bolus injection of 0.35 mg/kg 
fentanyl 0.05 mg/kg was simulataneously injected 
via an infusion pump within 5 minutes. In Group B, 
the pretreatment dose was 0.1 mg/kg and the bolus 
0.3 mg/kg given in the same way as in Group A. The 
time from the second dose of Atracurium to 95Z STS 
was measured. Incremental doses of 06.1 mg/kg 
atracurium were given each time the twitch response 
recovers to 104. The time between the incremental 
doses was measured and the results were greuped 
regarding the pre-, intra- and post cardiopulmenary 
by-pass period (CPB). The patients were also 
regrouped into two subgroups I and II depending on 
whether they were receiving propranolol or not. 
Core temperature was measured via an oesophageal 
probe. Results were compared using student's 
t-test for impaired data. Changes were considered 
significant when p 0.05. 


Results: In Group B, 3 patients who were 
pretreated with 0.1 mg/kg atracurium had a 10% 
twitch depression and 2 of them were slightly 
agitated. Excellent intubating conditions were 
obtained in both groups following a total dose of 
0.4 mg/kg and rigidity was not observed. The onset 
time to 954 twitch inhibition in Groups A and B 
respectively did not statistically differ. The 
time from injection to 10% recovery in Group II 
(propranolol) was 45.0+2.8 min significantly larger 
than Group I (no propranolol) 28.44+4.9 (p< 0.001). 
The course of the anesthetic with pre~ and intra- 
CPB as shown in Table 1, 


Discussion: Pretreatment did not appear to 
speed the onset time. In fact, it did slow it down 
when compared with 0.05 mg/kg with more undesirable 
subjective symptoms. , Our results support the 
finding of Flynn et al” who found a temperature- 
dependent reduction of infusion rate of atracurium. 
Hypothermia did prolong significantly the 10% 
recovery time before bypass when compared with 
patients who were not on propranolol. This 
diffeence did appear during the hypothermia and 
CPB. 


Conclusion: Atracurium appears to be a 
desirable relaxant at a dose of 0.4 mg/kg in 
cardiac surgical patients.. Its neuromuscular 
blocking activity is prolonged by preoperative 
medications with the beta blocker propranolol and 
hypothermic cardiopulmonary bypass. 


References: 
l. Flynn PJ, et al: The use of atracurium in 
cardiopulmonary bypass with induced hypothermia. 


Table 
Time to 10Z Recovery 
0.1 increments of Atracurium 


Group I Group II 
Pre n=2] n=16 
CPB x=18.56 x=29 .46*min 
33.6°C  SD=2.5 min sD=3.9 
CPB 8 6 
26°C x=44.8*%min x=51.66%* 
SD=+8.9 min SD=10.87 


*p<0.001 (Group I vs Group II) 
**p< 0.001 (Group I-CPB vs Group I pre~CPB) 
(Group II-CPB vs Group II-pre CPB) 
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Introduction. Chronic hypokalemia is common in 
patients on iong term diuretic therapy and it may be the 
cause of dysrhythmias (1), particularily during anesthesia. 
Preoperative correction of the hypokalemia may require 
several days because of depletion of intracellular stores 
of potassium. However, on occasion surgery is urgent and 
the hypokalemia must be corrected rapidly. The following 
is a study of serial serum potassium level determinations 
during rapid correction of chronic hypokalemia in dogs. 


Method. The protocol for this study was approved by 
the institutional committee on scientific activities. 
Eleven mongrel dags weighing 20-25 Kg were given 
furosemide 20 mg im daily and were fed low potassium 
diet for at least two weeks. When the potassium fell 
below 3 meq/L, rapid correction of the hypokalemia was 
achieved as follows: After establishing a peripheral 
intravenous line the dog was anesthetized with thiopental 
30 mg/Kg and the trachea was intubated. Ventilation was 
maintained mechanically with end-tidal CO2 at about 6%. 
A femoral artery was canulated for continuous arterial 
pressure monitoring and blood gas determinations, 
Arterial blood gases were determined every 30 minutes 
and metabolic acidosis was corrected with sodium 
bicarbonate. The lead II of the EKG was monitored and 
recorded continuously. Rectal temperature was 
maintained at 38 degrees centigrade. After a period of 
stabilization a total of five doses of potassium chloride 1 
meq/Kg were administered by pump. Each dose was 
administered in 15 minutes and followed by serum 
patssium determinations, once every five minutes during a 
30 minute period. The serum potassium level at 30 
minutes after the completion of each administration of 
potassium was compared to the baseline value and 
analyzed statistically using paired t-test. P values less 
than 0.05 were considered significant. 


. Results. The results are summarized in the Table and 
Figure. Following each dose of potassium the serum 
potassium level rase and declined sharply and reached a 
plateau with 30 minutes. There was no significant rise in 
serum potassium at plateau level until after a total of 3 
meq/Kg of potassium were administered. Serum potassium 
at plateau level did not rise above 3 meq/L until after a 
total of 5 meq/Kg of potassium were administered. 


Discussion and Conclusion. A significant depletion of 
intracelluar potassium occurs during long term 
administration of diuretics. For every l meq/L decrease 


in serum potassium level the intracellular potassium level 
may decrease by 35 meq/L. Potassium administration 
raises serum potassium level rapidly, however following a 
period of equilibration the serum potassium level 
decreases sharply. We recommend that following potassium 
administartion serum potassium level be determined no 
earlier than 30 minutes after the completion of the 
administration, 


Reference. 
l. Holland OB, Nixon JV, Kuhnert L: Diuretic induced 
ventricular ectopic activity. Am J Med 70:762-768, 1981 
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Figure: Serum potassium levels (mean+SE) following 
repeated doses of potassium l meg/Kg in chronic 
hypokalemia. 


lst 2nd 3rd 4th 5th 
Basline Dose Dose Dose Dose Dose 
Mean 2.0 2.0 2.2 2.3 2.6 3.3 
D 0.2 0.4 0.5 





P - NS NS 0.03 0.004 0.002 
Table. The serum potassium level (meg/L) at 
baseline and 30 minutes after each dose of 
potassium 1 meq/Kg in chronic hypokalemia dogs. 
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Introduction. Chronic hypokalemia is common in 
patients on long term diuretic therapy, and it may be 
the cause of arrhythmias, particularily during anesthesia. 
A recent report suggests that hypokalemic patients 
tolerate anesthesia well and that preoperative 
correction of the hypokalemia is not essential (1). 
However, the incidence of arrhythmia in hypakalemic 
subjects under adverse conditions such as intense 
sympathetic activity has not been reported, In this study 
we determined the arrhythmogenic dose of epinephrine 
before and during rapid correction of chronic 
hypokalemia in dogs. 

Method. The protocol for this study was approved by 
the institutional committee on scientific activities. 
Eleven mongrel dogs weighing 20-25 Kg were given 
furosemide 20 mg im a day and were fed low potassium 
diet for at least two weeks. When the serum potassium 
fell below 3 meg/L, the arrhythmogenic dose of 
epinephrine was determined as follows: After 
establishing a peripheral intravenous line the dog was 
a-esthetized with thiopental 30 mg/Kg and the trachea 
was intubated. Ventilation was maintained mechanically 
with end-tidal CO2 at about 6%. A femoral artery was 
canulated for continuous arterial pressure monitoring 
and blood gas determinations. Blood gases were 
determined every 30 minutes and metabolic acidosis was 
corrected with sodium bicarbonate. The lead II of the 
EKG was monitored and recorded continuously. Rectal 
temperature was maintained at 38 degree centigrade, 
After a period of stabilization the serum potassium level 
was determined and then epinephrine 15 ug/Kg/min was 
administered intravenously by pump until a run of two or 
more premature contractions was observed. When this 
occurred the administration of epinephrine was promptly 
discontinued and the time to return of normal sinus 
rhythm was determined. After a period of stabilization 
five doses of potassium chloride 1 meq/Kg each were 
administered intravenously by pump. Each dose was 
administered in 15 minutes and then followed 30 minutes 
later by an epinephrine challange, as described above. 
The serum potassium levels and the respective 
arrhythmogenic doses of epinephrine and time to return 
of normal sinus rhythm were analyzed statistically using 
regression lines and analysis of variance. P values less 
than 0.05 were considered significant. 

Results. The results are summarized in the Figure and 
Table. The correlation between serum potassium level 
and the arrhythmogenic dose of epinephrine, as well as 
the time to return of normal sinus rhythm, was poor. 
However, the analysis of variance suggested an 
association between the two variables: As serum 
potassium rose, the epinephrine arrhthmogenic dose 
tended to rise too. 


Discussion and Conclusions. This study suggests that 
hypokalemia decreases the threshold ta epinephrine 
induced arrhythmia and that correction of the hypokalemia 
raises the threshold. Since endogenous release of 
catecholamines occurs commonly during anesthesia and 
surgery, the preoperative correction of the hypokalemia 
may offer protection against arrhythmias during surgery. 

Reference. 

l. Vitez TS, Soper LE, Soper PG: Chronic hypokalemia 
does not increase anesthetic dysrhythmias.. Anesthesia and 
Analgesia (Cleve) 61:221, 1982 
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Figure. Serum potassium level and the arrhythmogenic dose 
of epinephrine during control period (C) and following 
repeated doses of potassium 1 meq/Kg. 





Total K+ Serum Potassium Epinephrine 
Administered meq/L ug/Kg 

0 meq/t 2.0+0.2 1,441.3 
1 * 2.0+0.4 12.6+3.0 
2 "»" 2.2+0.4 13.94+3.8 
ae l 2.3+0.5 13.84+4.3 
4 " 2.6+0.7 15. 344.5 
Doo 3.24+0.7 15.14+4.6 


Table. The arrhythmogenic dose of epinephrine and 


the corresponding potassium serum level during 
rapid correction of hypokalemia (mean+SD). 
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Introduction, Studies of hemodynamic changes 
associated with the use of the prone position dur- 
ing general anesthesia are limited to a few reports 
of decreased central venous pressure.! The present 
review was undertaken to provide a more complete 


characterization of cardiovascular function in anes- 


thetized prone patients in order to help define risk 

factors and improve intraoperative management. 
Methods. A review of patients with pulmonary 

and cardiovascular disease, monitored with arterial 


and thermodilution pulmonary artery catheters, iden- 


tified 16 patients who had been turned into the 


prone position during general anesthesia. Mean age 


of the patients was 65 + 12 years (X + SD). 
Operative procedures included: lumbar Laminectomy 
in 8 patients, cervical laminectomy in 4 patients, 
posterior fossa craniotomy in 1 patient, adrenal- 
ectomy in 1 patient, insertion Harrington rod in 
l patient, thoracic laminectomy in l patient. 

The hemodynamic variables measured included 
systemic arterial pressure (SAP), right atrial 
pressure (RAP), pulmonary artery occluded pressure 
(PAoP), and heart rate (HR), as well as the derived 
indices of stroke volume (SV), systemic vascular 
resistance (SVR), pulmonary vascular resistance 
(PVR), and cardiac index (CI). Pressure transdu- 
cers were referenced to the mid-axillary line az 
the fourth intercostal space. Cardiac output was 
determined by thermodilution. Measurements were 
made after induction of anesthesia with the pa- 
tient in the supine position and repeated after 
turning the patient into the prone position. The 
interval between hemodynamic measurements in the 
supine and then in the prone position was relative- 
ly brief, 19 + 8 minutes; no significant changes in 
anesthetic agents occurred during this time period. 
Measurements obtained in the supine and prone posi~ 
tions were compared using Student's paired T test. 

Results. The hemodynamic variables and derived 
indices for the 16 patients are noted in Table I. 








TABLE I 

SUPINE PRONE 
C.I. 1/min/m2 2.71 + 0.52 2.05 + 0.404 
HR beats/min 65 + 16 66 + 16 
PAOP mulig 12 + 4 12 + 4 
RAP mmHg 8+ 4 9+4 
SVR dyne sec cm“? 1200 + 232 1624 + 388* 
PVR dyne sec cm“ 124 + 64 164 + 60* 
sv_ ml/beat 75 + 20 58 + 16* 
SAP mmHg I7 #12 79 + 12 

n=16 


All Values: Mean + SD 
*p<.01 - compared to supine 


A prominent finding is the marked decrease in car- 
diac index in 15 of the 16 patients after being 
turned into the prone position. This was primarily 
a reflection of the decrease in stroke volume from 
75+ 20 to 58 + 16 as heart rate was little 
changed. SVR and PVR increased in 14 and 13 pa- 
tients respectively. There were no significant 
changes in mean systemic arterial pressure, RAP or 
PAoP in these patients. 


Discussion. Turning anesthetized patients 
from the supine to the prone position resulted in 
a significant decrease in stroke volume and cardiac 
index. Since RAP and PAoP changed Little, intra- 
vascular pressure measurements do not reflect the 
decreased ventricular preload which has been the 
focus of most discussion of the hemodynamics of the 
prone position. Careful support of the patients 
was employed in an attempt to prevent venous pool- 
ing due to compression of the abdomen and of the 
femoral veins. Nonetheless, it must be recalled 
that considerable changes in venous flow can occur 
without there being significant changes in either 
peripheral or central venous pressure. 

The fall in cardiac index upon turning the 
patients to the prone position is primarily a 
result of decrease in stroke volume. Systemic 
arterial pressure is maintained by peripheral vaso- 
constriction as evidenced by the increase in SVR. 
There was also a significant increase in pulmonary 
vascular resistance associated with the fall in 
cardiac output. 

The findings of this review indicate marked 
decrease in stroke volume and cardiac output asso- 
ciated with turning patients under general anesthe- 
sia into the prone position. The extent of this 
change in cardiac function was identified in this 
series of patients by measurement of cardiac output 
and would not be disclosed by consideration of 
central venous pressure measurements. Patients 
with borderline clinical status and evidence of 
hypoperfusion or congestive failure may not toler- 
ate the changes documented in this study and would 
benefit from use of pulmonary artery thermodilution 
catheters and measurement of cardiac output if the 
prone position is to be used during anesthesia. 


References. 

l. Smith RH, Gramling 2, Volpitto PR: Problems 
related to the prone position for surgical 
operations. Anesthesiology 22:189-193, 1961. 

Ze Folkow B, Mellander S. Veins and Venous Tone. 
Am Heart J 68:397-408, 1968. 
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Introduction. Large hemodynamic changes commonly 
occur during and after anesthesia in patients under- 
going carotid endarterectomy. Such changes may be 
sufficient to produce myocardial ischemia in this 
group of patients with a high incidence of cardio- 
vascular as well as cerebrovascular disease (1). The 
increase in blood pressure (BP) seen with carotid 
cross-clamping (CCC) is similar in magnitude to that 
seen with infrarenal aortic cross-clamping during 
aortic surgery (2). The BP during CCC may be higher 
with regional anesthesia than with general anesthe~ 
sia. Although hypertension and hypotension are 
common postoperatively (1), the incidence of overt 
myocardial infarction is low after regional anesthe- 
sia (3). To clarify the hemodynamic course of 
carotid endarterectomy performed under regicnal 
anesthesia, we used pulmonary artery catheterization 
to study prospectively: 1) the hemodynamic conse- 
quences of CCC, and 2) the hemodynamic basis for 
postoperative changes in BP, 

Methods. Thirteen patients consented to partici-~ 
pate in a protocol approved by the Institutional 
Research Practices Committee. Anesthetic management 
incluéed diazepam 0.1 - 0.15 mg/kg po preoperatively, 
superficial cervical plexus blockade with 0.5% bupi- 
vacaine supplemented by small iv doses of diazepam 
and fentanyl. At six intervals--pre-anesthesia (P), 
incision (I), at peak BP during CCC, in the immediate 
recovery period (R), and in the Intensive Care Unit 4 
hours (ICcU-4) and 14 hours (ICU-14) after operation-~ 
we measured systolic, diastolic, and mean arterial 
pressure (MAP); pulmonary artery systolic, diastolic, 
and mean pressures; pulmonary artery occlusion 
pressure (PAOP}; cardiac output (CO); central venous 
pressure; and heart rate, and we calculated systemic 
vascular resistance (SVR). 

Phenylephrine was used postoperatively to maintain 
systolic BP at > 120 mmHg except in patients whose 
preoperative systolic BP had been < 120 mmHg. Data 
were analyzed using multivariate analysis of variance 
of repeated measures with p < 0.05 being considered 
significant. 

Results. Hemodynamic events at the six intervals 
are shown in the figure. MAP was higher at CCC than 
at P and lower in the ICU than at P. CO was higher 
during CCC, and PAOP tended to be higher during CCC. 
PAOP was significantly lower in the ICU than pre- 
operatively {p < 0.05}. Three of the 13 patients 
experienced substantial increases in PAOP during 
cross~clamping. 

Discussion. Regional anesthesia is associated 
with a significant increase in BP during CCC and a 
significant decrease in BP in the ICU, despite the 
administration of phenylephrine to 11 of 13 patients. 
The reduction in MAP cannot be explained by changes 
in CO or SVR alone, although both appear to be con- 
tributory. The increase in MAP during CCC appears to 
be the result of an increase in CO and, in 3 
patients, it caused an increase in PAOP. Postopera~ 
tive hypotension appears to reflect mild vascdila- 
tion, perhaps because of increased perfusion pressure 
at the carotid sinus, and a clinically unimportant 
reduction in CO. A mean PAOP of < 6.0 mmHg at R 
supports the contention that volume expansion might 
be effective therapy (4). Despite infusion of a 


vasoconstrictor to elevate BP, no signs of 
hyperperfusion developed in the patients in this 
series. 

References. 
1. Asiddao CB, Donegan JH, Whitesell RC, Kalbfleisch 
JH: Factors associated with perioperative complica- 
tions during carotid endarterectomy. Anesth Analg 
1982; 61:631-637. 
2. Attia RR, Murphy JD, Snider MT, Lappas DG, 
Darling RC, Lowenstein E: Myocardial ischemia due to 
infarenal aortic cross-clamping during aortic surgery 
in patients with severe coronary artery disease. 
Circulation 1976; 53:961-965. 
3. Prough DS, Scuderi PE, Stullken E, Davis CH Jr: 
Myocardial infarction following regional anaesthesia 
for carotid endarterectomy. Can Anaesth Soc J 1984; 
31:192-196. 
å. Tarlov E, Schmidek H, Scott RM, Wepsic JG, 
Ojemann RG: Reflex hypotension following carotid 
endarterectomy: mechanism and management. J 
Neurosurg 1973; 39:323~-327. 
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Introduction. Spinal anesthesia is not common 
in pediatric surgery; however, it could be a 
valuable alternative to general anesthesia for 
pediatric patients booked for short procedures (less 
than 60 minutes) (1). 


Material and Method. We have used spinal 
anesthesia for orthopedic procedures (tendon release 
of lower extremities, club foot surgery, hip Surgery, 
resection popliteal cyst, etc.) or low abdominal 
surgery (hernia repair, orchidopexia). With parents’ 
consent, we used the technique in 30 patients--18 had 
orthopedic procedures, 12 had abdominal surgery. The 
smallest child was 7 weeks old at 3.7 kg, expremature 
for hernia repair. The oldest child was 13 years old 
for orthopedic surgery. 


Technique. In young children (less than 9 years 
old) we.used the hollow stylette of a 24 angiocath 
(27-gauge needle - Cat. No. 38-2818-5, Deseret 
Medical: Inc., Parke-Davis Company, Sandy, Utah 84070 
USA); in older children we used the stylette of a 20 
angiocath (23-gauge needle}. The spinal anesthesia 
was done mainly on a child sitting on the O.R. table. 
For patients older than 2 years old, we tried to fix 
their attention by telling stories, reading books, or 
showing them a movie for children on a Y.C.R. machine 
(Walt Disney cartoon). We continued the show for the 
duration-of the procedure. In very few circumstances 
did we use the lateral position to do spinal 
anesthesia. 


Results (Tables 1, 2). Eighteen patients 
received bupivacaine (2) spinal anesthesia for 
orthopedic surgery. Thirteen received no sedatior: or 
minimal sedation (Fentanyl 2 ug/kg, diazepam 0.1 
mg/kg). Five patients need a light general mask 
anesthesia (N20 70%/D> 30%; halothane 0.5%)--one 15 
minutes after the induction, four at the end of the 
procedure (duration of surgery was too long). Two 
patients received bupivacaine spinal anesthesia for 
hernia repair, both needed a light general anesthesia 
because of lack of relaxation. 


Ten patients received pontocaine spinal 
anesthesia for abdominal surgery (hernia repair, 
orchidopexia, hydrocele). Four of them needed 
supplementation with a light general anesthesia. 
These patients complained of pain during surgery 
(peritoneal traction). 


Complications. In four young patients we failed 
to find the subdural space despite three trials at 


the beginning of this series. One 2.5-year-old boy 
had a headache, nausea, and vomiting for 3 days after 
spinal anesthesia, at which time a 23-gauge needle 
had been used. We changed to a 27-gauge needle after 
this complication. 


Discussion and Conclusions. Spinal anesthesia 
is an easy technique in children; the use of a very 
small needle is not painful. For short peripheral 
procedures it is an interesting alternative to 
general anesthesia for children with respiratory 
diseases (1). With the help of the audiovisual 
technique (V.C.R. machine), spinal anesthesia could 
change a stressful surgery to a great experience for 
children. 


References. 
l. Abajian JC, Mellish RWP, Browne AF, Perkins FM, 
Lambert DH, and Mazuzan JE Jr. Spinal anesthesia for 
surgery in the high-risk infant. Anesth Analg 1984; 
631359, 
2. Moore DC. Spinal anesthesia: bupivacaine 
compared with tetracaine. Anesth Analg 1980; 
59:743. 


Table 1. Supplementation of spinal anesthesia. 


Fentanyl 
2 ug/kg 
No Diazepam Light G. 


sedation 0.1 mg/kg anesthesia 


Ortho. surg. 


18 patients 7 patients 6 patients 5 patients 
Low abdom. 

Surg. 
12 patients O patients 6 patients 6 patients 


Table 2. Medications and doses used. 


Pontocaine 0-3 months 3-24 months >24 months 
(mg/kg) 0.4-0.5 0.3-0.4 0.2-0.3 
Bupivacaine 0-24 months >24 months 
(mg/kg) 0.3-0.4 0.3 
Adrenaline <24 months >24 months 
(ug) 10 20 
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Introduction. Currently a 4 compartment model 
is used to explain the uptake and distribution of 
inhaled anesthetics. Pulmonary washin of anesthetic 
is followed by distribution to the vessel rich, mus- 
cle, and fat tissues. Evidence for this paradigm of 
pharmacokinetics comes from our knowledge of tissue 
blood flow and solubility. Direct measurements of 
the transfer of anesthetic to or from these tissues 
are limited. Most studies have exanined pharmaok- 
inetics in the immediate perioperative period and 
thus have not investigated distribution to slowly 
equilibrating compartments (e.g., muscle and fat). 
We postulated that such compartments might be 
defined by anesthetic elimination over a prolonged 
period. 


Methods. After approval from our Committee on 
Human Experimentation, we established anesthesia 
with nitrous oxide in 6 healthy paralyzed 42.3 + 5.3 
year old (mean + SE) patients ventilated to maintain 
normocapnia. A mixture of isoflurane, enflurane, 
halothane and methoxyflurane, each at 0.3 MAC, was 
administered for 2 hours. md tidal, mixed-expired 
(ME), and inspired (FI) samples were collected dur- 
ing administration and for 5 to 9 days thereafter. 
Ventilation (VE) was concurrently measured. Gases 
were analyzed with gas chromatography. We fit a 4 
and 5 compartment model to the decay of the alveolar 
concentration of each anesthetic for each patient 
during recovery. Uptake and elimination per minute 
were calculated as VE(FI - ME) and total uptake and 
elimination calculated. Elimination from each com- 
partment was estimated as the elimination occurring 
during 3 time constants for that compartment minus 
the sum of the elimination calculated for compart- 
ments having shorter time constants. 


Results. In 19 of 24 comparisons a 5 compart- 
ment model provided a significantly better fit than 
a 4 compartment model and these 19 sets of values 
were used in the subsequent analyses. The half- 
times for a given compartment for each anesthetic 
were comparable (Table 1) as were the percentages of 
anesthetic issuing from each compartment on recovery 
(Table 2). The anount of anesthetic recovered rela- 
tive to that administered was isoflurane 92.7+6.3%, 
enflurane 85.0+6.5%, halothane 49.6+4.1%, and 
methoxyflurane 25.6+2.7%. a 


Discussion. Our results are qualitatively con- 
sistent with previous data regarding recovery of 
anesthetic taken up. Our data imply that isoflurane 
is least metabolized and that the majority of 
methoxyflurane is metabolized. If we assume that 
isoflurane is not metabolized and that incomplete 
recovery is due to loss through skin or the wound, 
then by normalizing the recovery of each anesthetic 
to that of isoflurane (100%) we can estimate the 
loss of the other anesthetic due to metabolism, 
This suggests a metabolism of enflurane of 8%, of 
halothane of 46%, and of methoxyflurane of 72%. 


Our results are in accord with previous notions 
regarding a 4 compartment model for uptake and dis- 
tribution. The short half-time of our first con 
partment is consistent with that predicted for 
washin of the lungs. The half-times for the second, 
third, and fifth compartments likewise are con- 
sistent with current data for blood flow and solu- 
bility of vessel rich, muscle, and fat groups 
respectively. 


However, we have identified an additional 
(fourth) compartment with a half-time between that 
of muscle and fat (Table 1) that accounts for about 
1/3 of the anesthetic recovered. We speculate that 
the fourth compartment is fat with a high blood flow 
or with access to anesthetic by diffusion from a 
highly perfused compartment (intertissue diffusion). 
We speculate further that this tissue is visceral 
fat. Support for this thesis comes fram the differ- 
ences for halothane versus enflurane or isoflurane 
in recovery from this compartment. Recovery of 
enflurane and isoflurane was significantly greater, 
a finding consistent with their lower metabolism and 
the fact that some of the blood draining visceral 
fat must pass through the liver. If our speculation 
regarding this compartment is correct, then 50% to 
60% of the anesthetic taken up eventually lodges in 
fat. 


Table 1: Compartment half-times (min) 
Compart Isof nfl Halo Meth 


ment 

1 alt .09 13 07 
+02 +.02 +.02 +.00 

2 4.11 4.11 4.62 4.89 
+.97 +.92 +.97 +.83 

3 53.5 59.0 51.5 48.3 
+8.3 +15.8 +6.9 +44.6 

4 386 347 324 369 
+120 +64 +54 +55 

5 2430 2054 2614 2120 


+139 +111 +130 +819 


Table 2: % of Anesthetic From Each Compartment 
Compart Isof Enfl Halo Meth 


ment 

1 1.1 0.9 1.2 3.3 
+.3 +.0 +21 +1.9 
13.0 12.0 17.2 19.3 
+3.8 +3.4 +4.7 +48.3 

3 27.6 26.2 30.7 29.9 
+1.7 +1.7 43.4 46.1 

4 31.8 35.4 eT.2 27.9 
42.3 +7-2 +3.3 +46 

5 26.2 25.6 23.6 21.6 
+3.5 +3.4 +3.1 +84.0 
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Introduction. Although the interaction between 
intravenous V and anesthesia has been investigated, 
(1,2) in fact the interaction of chronic V dosing and 
anesthetics is a more important clinical problem. This 
study was designed to compare the effects of the in- 
halation anesthetics halothane (Ha), enflurane (E) and 
isoflurane (1) in chronically instrumented dogs before 
and after chronic oral V administration. 

Methods. Five conditioned dogs were instrumented 
for measurement of aortic (A), and left ventricular 
(LV) pressures (P); carotid (Ca) and renal (R) blood 
flows (BF) using pulsed Doppler flow probes. Exper~ 
iments were conducted at least 10 days following sur- 
gery when the animals were healthy and trained. Anes- 
thesia was induced by mask; ventilation and F;09; end 
tidal anesthetic concentrations of approximately 1 
MAC (L) and 1.5 -— 2 MAC (H) were maintained for 
twenty minutes before measurement of the hemodynamic 
variables. Anesthetic concentrations were continual- 
ly monitored by infra-red analysis. Following the 
anesthetic experiments, the animals were given 80 mg 
V by mouth tid for 8-10 days. Preliminary experiments 
showed that this dosing regiment produced a relative- 
ly steady plasma (PL) level of V within five days of 
beginning dosing. One hour following the AM V dose, 
the anesthetic protocol was repeated as before. 120 mg 
V per mouth tid was then administered for another 
8-10 days and the anesthetic studies again repeated. 
Statistical analysis compared the hemodynamic effects 
of L and H anesthesia before and after the 80 mg and 
120 mg V dosing using the Bonferroni correction of 
the paired t test. Mean + Standard Error are pre- 
sented. 


Results. Mean PL V levels ranged from 73-131 
ng/ml after 80 mg V tid and from 175-287 ng/ml after 
120 mg.CaBF was not affected by chronic V; although LV 
dP/dt tended to be lower after chronic V, the only 
significant differences were in heart rate (HR). MAP 
and RBF (Table 1). Most of the important differences 
noted after the verapamil dosing were during either 
high anesthetic concentrations and/or high PLV levels. 

Discussion. The calcium channel blocking drugs 
of which V is the first, have become a mainstay of 
therapy for patients with ischemic heart disease. Con- 
sequently, many patients are coming to anesthesia and 
surgery being chronically treated with these drugs. 
Previous investigations of the interaction between 
anesthetics and V have looked only at acute intraven- 
ous V dosing. For the first time, this study docu- 
ments the effects of chronic V administration on the 
hemodynamic effects of anesthetics. In fact, the in- 
teraction is remarkably benign. If only 1 MAC concen- 
trations of the anesthetics are considered, then the 
only significant depression of cardiovascular function 
produced by V either at the 80 or 120 dose is the de- 
crease in renal blood flow during high dose verapamil 
and 1 MAC isoflurane anesthesia. There are a number 
of interactions at high concentrations of verapamil 
and 1.5-2 MAC anesthesia as can be seen from Table 1, 
However, this degree of anesthetic depression is rare- 
ly achieved in clinical practice today. Consequently, 
this study would suggest that if high concentrations 
of the inhalation anesthetics are avoided, patients 


under chronic verapamil] treatment may be safely anes- 
thetized with the inhalation anesthetics. 


Table 1 


HR (bts/min) 


Awake 95 +9 87 + 5 91 +7 

L 101 + 10 108 + 8 112 + 8 

H_ 117 + 13 120 + 5 113 + 4 

L-80V 98 +5 98 +9 101 + 8 

H-80V 103 + 11 105 + 8 113 + 4 

L 120V 97 +5 92 +8 100 + 6 

H_120V 97 + 9% 98 + 7% 98 + 10 
MAP (mmHg) 

Awake 99 + 97 + 96 + 4 

L 79 + 78 + 83 + 6 

H 5445 48 + 3 56 + 4 

L-80V 75 + 6 77+ 9 75 +4 

H-80V 39 + 3% 54 + 6 4647 

L-120V 7145 68 + 4 82+ 3 

H-120V 34 + 4x 45 +3 42 + 3% 


RBF (ml/min) 


Awake 100 + 20 108 + 18 1l6 + 22 
L 99 + 18 86 + 12 112 + 17 
H 101 + 12 87 +13 105 + 16 
L-80V 97 +15 90 + 24 72 + 5% 
H-80V 69 + 12 84 + 8 65 + 7% 
L-120V BLEI erT 63+ 
H-120V 55 + 24 50 + 7% 51 + 54 





* = p<.05 vs without V 
References. 
1. Kapur, Flacke. Anesthesiol. 55:218, 1981. 
2. Kates,Kaplan,Guyton,et al. Anesthesiol.59:132,1983 
3. Zsoter, Church. Drugs 25:83, 1983. 
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of perfluorochemicals currently being tested as a plas- 
ma expander and oxygen transport fluid, has been shown 
to dissolve larger amounts of volatile liquid anestheties 
than blood and to inerease the solubility of these 
anesthetics in blood, (1,2) These in-vitro findings 
suggest thai induction of anesthesia will be prolonged 
in patients treated with Fluosol-DA. The present study 
examines the in-vivo effect of Fluosol-DA 20% (Fluosol) 
on the rate of rise of Fa/F,, where Fa is the alveolar 
tension and Fy is the inspired tension of isoflurane. 

Methods. Five mongrel dogs (wt. 22-24 kg) were 
studied under basal anesthesia (pentobarbital and 
metocurine). Inhalational anesthesia was induced with 
isoflurane (1% in oxygen), while recording Fy and Fa 
(measured by infrared gas analysis). Temperature and 
end-tidal PCO, were held constant. Cardiac output 
was monitored by thermal dilution. Isoflurane was then 
washed out to an end-tidal concentration less than 
-05%. After rapid removal of 750ml of blood from the 
femoral artery, 1000ml of Fluosol was infused intra- 
venously. Cardiac output was allowed to stabilize for 
about 2 hours. Propranolol and/or verapamil were used 
to lower cardiac output further, to near its original 
value, in four dogs. Isoflurane was then administered 
a second time under conditions similar to the first. 
Fluorocrit, the ratio of perfluorocarbons to total vol- 
ume of a centrifuged blood sample (analogous to hema- 
toerit), was measured. Fa/Fy was plotted against time 
before and after Fluosol administration. However, 
because cardiac output was always higher after Fluosol 
infusion (even after propranolol and/or verapamil), and 
because this will also delay induction, these curves 
reflect both effects of Fluosol. To separate the two 
effects, a physiological computer model of uptake (1) 
was given the values of cardiac output measured during 
each experiment and used iteratively to caleulate the 
blood/gas partition coefficient of isoflurane which must 
have existed in each animal to account for the observed 
Fa/F, difference after allowing for observed cardiac 
output variation. For eomparison, "predicted" parti- 
tion coefficients after Fluosol infusion were calculated 
by weighted averaging, using individual fluorocrits. 

Results. In each animal, Fa approached Fy more 
slowly after Fluosol. The Figure shows the mean F a/F; 
curves for all animals, before and after Fluosol. 
Cardiac output was 3.65 +0.35 (SD) L/min immediately 
prior to the first isoflurane inhalation, rose to 8.23 + 
0.69 L/min following phlebotomy and Fluosol infusion, 
and fell to 5.00 + 2.45 L/min prior to the second inhala- 
tion. Mean fluorocrit was 3.9% + .7, indicating that 
approximately 25% of each dog's blood volume was 
Fluosol. "Actual" pre and post Fluosol partition 
coefficients, calculated by model fitting, were 1.45 + 
.15 and 2.59 + .51 respectively. The mean of the 
"predicted" post-Fluosol coefficients, calculated by 
weighted averaging, was 2.91 + .36. The pre-and-pest- 
Fluosol coefficients were significantly different 
(p < .001 by analysis of variance), while the "predicted" 
and “actual” post-Fluosol coefficients were not 
significantly different from each other. 


Discussion. Replacement of 25% of blood volume 
by Fluosol delays anesthetie induction. with isoflurane. 
As indicated in the Figure, Fa rose to 70% of Fy in 
about 4 minutes in untreated dogs. The presence of 
25% Fluosol tripled this time. Based on their measured 
blood/gas partition coefficients (1,2) similar, although 
smaller, delays would be expected with enflurane and 
halothane, Part of the delay is due to increased 
cardiac output, which was seen consistently following 
phlebotomy and Fluosol infusion. A 33% increase in 
cardiac index has also been observed following infusion 
of 500mi of Fluosol in humans, (3) However, even 
after increases in cardiace output were allowed for, the 
model required a significantly inereased blood/gas 
partition coefficient to account for the observed delay, 
and this coefficient was not different from that 
predicted. Prolongation of induction in humans given 
Fluosol would therefore be expeeted due to increases 
both in anesthetic blood solubility and in cardiac 
output. 

References. 

1. Allen FB, Chileoat RT, Gerson JI, Mapleson WW. 
The solubility of volatile general anesthetics in artifi- 
cial blood. Anesthesiology 1983; 59:A299. 

2. Tremper KK, Zaceari J, Cullen BF, Hufstedler SM. 
Liquid-gas partition coefficients of halothane and 
isoflurane in perfluorodecalin, Fluosol-DA and 
blood/Fluosol-DA mixtures. Anesth Analg 1984; 63: 
690-2. 

3. Nishimura N, Sugi, T. Changes in hemodynamics 
and Oz transport associated with the perfluorochemical 
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Figure. Alveolar(F q)/Inspired(F;) ratio during 
inspiration of 1% isoflurane before and after 
administration of Fluosol-DA. Graphs are means of 
five experiments. Bands indicate + 1 SD. 
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Introduction. Previous studies have shown 
transcutaneous oxygen (PtcO2) correlates well with 
arterial oxygen tension (Pa02) (1). During endo- 
bronchial anesthesia hypoxemia may occur from intra- 
pulmonary shunts, altered hypoxic pulmonary vaso- 
constriction, absorption atelectasis and surgical 
impairment of ventilation or cardiac output (2). 
This study examines the relationship between Ptc02 
and PaOe during endobronchial anesthesia for 
pulmonary resection. 


Methods. Human Ethics Committee approval was 
obtained and after written informed consent, 30 
patients aged 41 to 76 years scheduled for elective 
lobectomy or pneumonectomy were studied. For each 
patient, inspired oxygen (Fi02), PtcO02, Pad02, heart 
rate (HR), mean arterial blood pressure (MAP) and 
temperature were recorded. Baseline assessments on 
room air and supplemental oxygen were done preopera- 
tively (preop). Measurements were taken every 15 
minutes intraoperatively during endotracheal (ET) 
and endobronchial (EB) ventilation. The Fi02 was 
varied according to the patient's clinical condition. 
PtcO2 was allowed to stabilize for 10 minutes before 
arterial blood samples were drawn through an indwel- 
ling radial artery catheter. PtcO2 was measured 
using a Lifespan 100 transcutaneous oxygen/carbon 
dioxide monitor (Biochem International, Waukesa, WI) 
and Pa02, using a Radiometer ABL 3 analyzer (Copen- 
hagen, Denmark). All patients received a standard 
anesthetic with isoflurane, nitrous oxide, fentanyl 
and pancuronium. All underwent endobronchial intu- 
bation after induction. Data were analyzed using 
the Pearson correlation coefficient and regression 
analysis. The transcutaneous oxygen index (3) (tc02 
index) was calculated for each group and compared 
using t-tests. A p<0O.05 was considered significant. 


Results. There were 19 males and 11 females 
studied. Mean age ~ SD was 63.5 ~ 10.2 years. Eight 
pneumonectomies and 22 lobectomies were performed. 
There were 347 paired PtcO2/Pa02 measurements, with 
56 in the preop, 159 in the ET and 132 in the EB 
groups. There was a significant correlation between 
PtcQ2 and Pa02 in all groups: r = 0.97 (preop), 0.91 
(ET) and 0.83 (EB). The regression between PtcO2 and 
PaO2 during ET ventilation was given by PtcO02 = -4.32 
+ 0.70Pa02, and during EB ventilaion, by Ptc02 = 21.36 
+ 0.47Pa02. The tcO2 indices were 0.69 = 0.09 (preop)} 
0.68 = 0.10 (ET); 0.61 = 0.14 (EB) (x = SD). The 
tcO2 index during EB ventilation was significantly 
lower than the preop and ET groups. No correlations 
between tcO2 index and Pa02, MAP or temperature were 
found in any group. The tcO2 index overestimated 
PaO2 from PtcO2 (>10 torr) in 69% of measurements and 
underestimated Pa02 in 22% (<10 torr). The 90% res- 





ponse time of PtcO2 to changes in Fi02 was 118 = 64 
seconds (x = SD). PtcO2 changed in the same direc- 
tion as Pa02 in 88% of the measurements, in the 
opposite direction in 7%, and did not change in 5%. 
All 347 PtcO2 readings were below the corresponding 
measured PaOe. In four patients a precipitous drop 
in PtcO2 was noted within 4 minutes of initiating 

EB ventilation, despite the Fid2 being 1.0. In 3 
patients this drop corresponded with marked hypoxemia 
(Pa02 < 45 torr). In the fourth patient the drop in 
PtcO2 was associated with hypotension (MAP 32 torr), 
no change in Pa02, and subsequent ST elevation on the 
electrocardiogram. In all 4 patients, the PtcO2 was 
the first monitored parameter to change, indicating 
a change in clinical status of the patient. 


Discussion. The present study confirms the 
correlation between PtcOe and Pa02 during endotrach- 
eal anesthesia for thoracotomy (4), and demonstrates 
the sustained correlation during endobronchial anes- 
thesia. The lower tcO2 index during endobronchial 
anesthesia suggests a change in the relationship be- 
tween PtcOe and Pade during one-lung ventilation 
which is not obviously related to Fi02, Pa02, MAP 
or temperature differences. The tcO2 index could 
have dropped as a result of changes in cardiac output 
(3) associated with altered pulmonary blood flow 
during endobronchial ventilation and/or surgical 
manipulation, however cardiac output was not measured 
in this series of patients. As the monitored Ptc02 
was consistently lower than the measured PaQOd, 
continuous recording of PtcO2 provided valuable est- 
imation of a "minimum" PaOe level throughout pulmon- 
ary resection. PtcO2 monitoring proved also to act 
as an early warning device for impending hypoxemia 
and hemodynamic compromise, thereby facilitating very 
early therapeutic intervention. This holds special 
relevance during endobronchial anesthesia for 
thoracotomy, where there is a substantial risk of 
developing hypoxemia. 
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INTRODUCTION During one lung anesthesia (OLA) 
for thoracic surgery, arterial oxygenation (Pa0,} 
may be compromised due to V/Q abnormalities. 
Application of CPAP with 100% oxygen to the non- 
ventilated lung and/or PEEP to the ventilated lung 
have been tried in an effort to improve Pa0O>. 
Previous studies!-3 showed that CPAP alone or in 
combination with PEEP improved oxygenation, while 
the application of PEEP alone may either decrease 
PaO> or have no significant effect on oxygenation. 
The most likely mechanism is an increase in 
shunting through the collapsed lung caused by the 
positive pressure in the ventilated lung when PEEP 
is applied. The purpose of this study was to 
further evaluate the effect of PEEP (10 cm H20) on 
Pa02 and cardiac output (CO) during OLA. 

METHOD After institutional approval, eighteen 
patients ASA 1 or 2 undergoing thoracotomy for 
pneumonectomy or lobectomy were studied. 
Monitoring was established with a radial artery 
cannula and an Oximetrix Opticath PA® catheter. 
Anesthesia was induced with thiamylal sodium 3.5 
mg/kg. Endobronchial intubation with a Robertshaw 
double lumen tube was facilitated by 
succinylcholine 1 mg/kg. Anesthesia and relaxation 
were maintained with N20/02 (50/5072), isoflurane 
1.0-1.5% (inspired concentration), and pancuronium. 
Arterial blood gases and hemodynamic parameters 
were measured 15 minutes after stabilization had 
occurred following onset of 1) one lung anesthesia, 
and 2) application of PEEP;}g cm H30 to the 
ventilated lung. The mixed venous oxygen 
saturation (SVO2) was monitored continuously. 
Temperature and hemoglobin were kept within the 
normal range. Results are expressed as mean + 
Standard deviations. Statistical significance of 
differences among the groups was assessed using the 
Student's t-test. 

RESULTS Overall, the application of PEEP}g did 
not produce a significant improvement in PaO g (from 
80 + 26 to 108 + 50 mmHg). There was a non- 
Significant reduction in CO (from 4.9 + 1.3 to 
4.3 + 1.1 L/min), while the SVO% remained unchanged 
(77 + 6 to 76 + 6%). The PaO? values for each of 
the 18 patients during OLA alone and with the 
application of PEEP}g are shown in the table. Of 
the 18 patients, 13 patients showed an improvement 
in PaO during the application of PEEP. Ten of 
these 13 patients were relatively hypoxic 
during OLA (PaOQz below 80 mmHg). Furthermore, 4 
out of the 5 patients who had a PaOo deterioration 
during the application of PEEP had a PaO) above 
80 mmHg during OLA. When evaluating only those 
patients with PaO» below 80 mmHg during OLA, the 
application of PEEP improved PaO, in 10 out of 11 
patients and the overall PaO values significantly 
increased from 64 + 6 to 87 + 3 mmHg. The SVO% cf 
these 10 patients remained unchanged (from 77 + 5 
to 76 + 4%) in spite of a significant reduction in 
CO (from 5 + 1.1 to 3.9 + 1 L/min). 

DISCUSSION Overall, the application of PEEP 
produced no significant improvement in PaO», CO, 
and SVO9, as compared with OLA alone. However the 


relatively hypoxic patients with PaO below 80 mmHg 
showed an increase in PaO) upon the application of 
PEEP, Katz et al? and Tarhan et al? have previous~ 
ly shown that although their total patient groups 
showed no benefit in PaO y with PEEP, there were two 
patients in each study that did benefit from PEEP. 
These patients were distinguished from the others 
by having a PaO» less than 80 mmHg prior to the 
application of PEEP. These authors*»? used 100% 
oxygen in their studies and, therefore, the 
patient's mean PaO» values during OLA were mostly 
above 100 mmHg. Because we used 50% oxygen in our 
study, 11 out of 18 patients had a PaO 9 below 80 
mmHg. However, 10 of these 1l patients benefited 
from PEEP. Therefore, we postulate that in patients 
with a PaOg above 80 mmHg, application of PEEP may 
interfere with pulmonary blood flow distribution by 
diverting blood to the non-ventilated lung. This 
may disrupt the existing V/Q balance and result in 
a deterioration of PaOz. Hewever, in patients with 
a PaO% below 80 mmHg, the application of PEEP may 
reduce the degree of atelectasis in the ventilated 
lung resulting in a more favorable V/Q balance and 
an improvement in PaO 9. The SVO% remained stable 
despite the significant decrease in CO because 
oxygen delivery to the periphery was maintained. 
The observation that CO decreased when Pa09 
improved in these patients reinforces the possible 
negative correlation existing between CO and Pa0o>. 
We conclude that the application of PEEP is 
beneficial in those patients who become relatively 
hypoxic (PaO below 80 mmHg) during OLA. 
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oxygen exchange during endobronchial anesthesia: 
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56:164-171, 1982, 
3. Tarhan S, Lundborg RO: Effects of increased ex- 
piratory pressure on blood gas tensions and pulmon- 
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Carlens catheter. Can Anaesth Soc J 17:4-11, 1970. 


TABLE 


The PaOg value of each patient during OLA and the 
application of PEEP. 


eect tbh AAA AAAA AAAA DAANA AAAA AN ARAA 


Pts with Pa02<80mmHg Pts with Pa02>80mmieg 


OLA PEEP10 OLA PEEP 10 
73 125 121 258 
65 69 135 170 
76 94 117 140 
54 59 114 73 
53 57 102 86 
66 125 111l 73 
64 67 93 86 
64 74 
62 81 
72 151 
64 58 
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Introduction 

Risk of rapid-sequence induction for patients 
with uncontrolled pregnancy-induced hypertension (PIH) 
is compounded by the extreme hypertension present at 
induction. The stress of laryngoscopy and intubation 
increases an already high blood pressure and puts the 
patient at risk for cerebral hemorrhage, which is the 
most common cause of death in PIH. Dandavino et al. 
have shown that the hemodynamic effects of a bolus of 
magnesium, although beneficial, are transient, lasting 
only 5-10 minutes (1). The purpose of this study was 
to examine the effect of a bolus of magnesium at in- 
duction of anesthesia in attenuating the hypertensive 
response to laryngoscopy and intubation in patients 
with uncontrolled PIH. 


Methods 

ermission for the study was granted by the 
Ethics Committee. After informed consent, 14 patients 
with PIH were randomly assigned to a magnesium group 
(MG) or a control group (CNTRL). PIH was defined as 
a systolic BP over 140 torr or a rise above normal of 
30 torr or a diastolic BP above 90 torr or a rise 
above normal of 30 torr. Also, urine proteinuria (1+ 
to 4+) and onset after 20 weeks gestation were requir- 
ed for entry into the study. Patients were brought 
into the operating room, where ECG leads and BP cuffs 
were placed and a second i.v. line for blood sampling 
was started. Baseline. blood pressure and pulse were 
taken by the anesthesiologist, who was blind to which 
group the patient belonged. Pre-oxygenation and the 
delivery of the pre-treatment drug (magnesium 60 mg/ 
kg or Ringer's Lactate) were carried out over 3 min. 
BP and pulse were then taken and a blood level for 
magnesium was drawn. Rapid-sequence induction was 
performed on all patients with thiopental (250 mg), 
succinylcholine (100 mg), and cricroid pressure. Two 
minutes after laryngoscopy and intubation, BP and 
pulse were recorded and blood was drawn for magnesium 
levels. Any dysrhythmias were noted. At delivery, 
BP and pulse were recorded and blood for magnesium 
levels was obtained from both the mother and the um- 
bilical cord. Minimum and maximum BP and associated 
pulse rates were noted before and after delivery. 
Muscle relaxation for all patients was achieved with 
alcuronium 10-20 mg as needed. Statistical analysis 
was with Student's t-tests for grouped and paired data 
with the Bonferonni adjustment for multiple compari- 
sons, and with chi-square analysis. Significance was 
defined as p < 0.05. 


Results 

For the 14 patients (7 MG and 7 CNTRL) studied, 
mean age was 21.6 + 1.4 (SEM) and ranged from 17 to 
35. All of the control group were nulliparous, but 3 
of the MG group were parity 1, 2, and 4, respectively. 
None of the patients with parity > 0 had a history of 
PIH. Three of the MG group and 1 of the CNTRL group 
had fitted prior to coming to the operating room. 
There was not history of heart, lung, or renal disease 
in any of the patients. Three fetuses in each group 


were in distress as demonstrated by auscultated late 
decelerations of heart rate. None of the patients 
had been treated with magnesium. Five of the MG 
group and 2 of the CNTRL Group had been treated with 
diazepam (15 to 40 mg), and 5 of the MG Group and 4 
of the CNTRL Group had received hydralazine (6.5 toa 
37.5 mg). Baseline systolic pressure, diastolic pres- 
sure, and pulse on admission to the operating room 
were 175.0 + 5.3 torr, 114.3 + 5.0 torr, and 112 
beats/minute, respectively. There was no significant 
difference between groups in baseline variables. Only 
1 patient exhibited dysrhythmias (multifocal PVC's in 
the CNTRL Group). Changes in systolic BP (SBP), dia- 
stolic BP (DBP) and pulse rate were noted in the 
TABLE, as are the mean serum mg levels after pre- 
treatment, after intubation, and at delivery. There 
were no significant differences between groups in 
minimum and maximum SBP, DBP, and pulse, before and 
after delivery. No difficulty with prolonged neuro- 
muscular blockade was found in the MG group. One- 
minute APGAR score was 6.4 + 0.9 for the MG Group, 
4.6 + 1.0 for the CNTRL Group (p > 0.05). Five- 
minute APGAR was 9.1 + 0.3 for the MG Group, 7.4 + 
0.9 for the CNTRL Group (p > 0.05). 


Discussion 

agnesium pre-treatment in this group of patients 
resulted in a significant decrease in DBP prior to 
intubation and significantly better control of SBP 
after intubation as compared to the CNTRL Group. 


TABLE: Comparison of Hemodynamic Changes and 
Magnesium Levels 


After After At 
Pre~Rx Intubation Delivery 
SBP (torr) -13.0+7.5 -8.7+ 6.8* ~35.1+ 9.7 
MG - 4,347.8 13.6+ 6.6 ~25.04+17.4 
CNTRL 
DBP (torr) 
MG -24.3 + 2.8* -8.64 5.4 ~19.3+ 7.2 
CNTRL - 1.44+0.9 12.14 9.4 ~ 9.34+15.2 
Pulse (min”4) 
MG 8.7£4.4* 8.3+ 5.6 ~ 19+ 7.3 
CNTRL - 4.0+3.2 1.7211.5 9.1+12.2 
MG (mmol/1) 
MG 1.27+0.31* 2.744 0.3* 2.25+0.22* 
CNTRL 0.97+0.16 1.07+ .0.19* 0.93+0.11 


*Significant difference between groups at p <0.05. 
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INTRODUCTION. Ionized hypocalcemia and 
resultant hemodynamic depression may occur during 
rapid transfusion of citrated blood products. 







Children may be at particular risk, since a unit į Fa Ps 
of blood product represents a larger fraction of = oe 3 a 
their blood volume. We therefore undertook an nF = 3 = 
animal study to compare the efficacy of two = = n 3 
calcium salts, calcium chloride (CaCl...) and a e = — 
calcium gluconate (CaGlu), in treating citrate- p * x N 
induced hypocalcemia. E ah n m 
Ma A = 
Sao rae wo th oo 
METHODS. Six conditioned mongrel dogs, 28-35 = ° in w 
kg, were anesthetized with i.v. thiopental (15-20 e@ git oo p x 9 
mg/kg) followed by halothane in oxygen. Control- Su y eN = S S: 
led ventilation maintained normal acid-base "3 ġo g x "a 
status, and measured end-tidal halothane assured a i # g 
stable anesthetic depth. Thermodilution cardiac a fe- e o k d 
output (CO) and arterial, central venous, oa YO a < a7 
pulmonary artery and wedge (PCWP) pressures were 2a Ho} s a pi m 
measured. Each animal was studied on 4 separate ži Š ie ave 
days and received 3 doses of sodium citrate (CPD R a tees = t] Bae 
Formula A USP, Fenwal) equivalent to 0.5, 1.0, and Fi = T ie avs 
1.5 ml/kg/min fresh frozen plasma for 5 min, 2E e 8 Ea | n 3 
Either no calcium (controls) or calcium (CaCl,: 4, ‘ 3 «| “de 
8, or 12 mg/kg, or CaGlu: 14, 28, or 42 mg/kg? was E aA A a Qa) Sa 
administered 1 min prior to citrate infusion. =< 7 eo 2 
r fam) D Q © m © OD 
r ~ “>A 
RESULTS. Sodium citrate produced signifi- a | was 
cant, dose-related reductions in MAP, [Ca++], and á . < Š gaa 
systemic vascular resistance (SVR), and increases z i z a a +3 z Va 
in PCWP and HR (Table, Figure). As expected, SVR e Sx od OO sx 
decreased in all dogs at al] doses of citrate E EDEMEEENA A 
~ad 


except those with near cardiac arrest. CO 
increased at the two lower doses of citrate but 
tended to decrease at the high dose (P = NS). 
Pre-treatment with either CaCl, or CaGlu 
attenuated, but did not completely eliminate, 
these changes at all doses of citrate. The high 
and medium doses of either calcium salt completely 
blocked clinically important cardiovascular 
effects of all doses of citrate, but did not FIGURE 
prevent hypocalcemia at the higher doses of 
citrate. The lower doses of calcium were 
ineffective in preventing the cardiovascular 
effects of citrate. No significant cardiac 
dysrhythmias were observed following calcium. One 
dog suffered irreversible cardiac arrest during 
infusion of the highest citrate dose ([Cat++] = 
0.19 mM). 


CONCLUSIONS. (1) Pre-treatment with calcium 
Salts attenuates the effects of citrate-induced 
hypocalcemia; this is dependent upon the dose of 
calcium vs. the dose of citrate. Both calcium 
salts are equally effective when administered in 
equipotent doses, i.e., the ratio of CaCl, to 
CaGlu is 1:5. (2) Citrate-induced hypocalcemia 
depresses left ventricular function as indicated 





DECREASING MEAN BLOGD PRESSURE [TORR} 


$ 
by a lowering of CO despite a significant rise in 0 O5 10. 15 E N=6 for 
PCWP. (3) MAP is reduced by changes in both SVR UEA each data point 


and cardiac function, EQUIVALENT TO mi FFP 
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Introduction. Emerging case reports indicate 
that the adverse effects of accidental iv bupivacaine 
are exaggerated during pregnancy possibly accounting 
for the greater majority of bupivacaine-related 
deaths occuring in obstetrical anesthesia. Although 
some animal studies have now verified the potent 
cardio-depressapt and arrhythmogenic properties of 
bupivacaine, ~’“only one investigation involved 
pregnant amimals 3, Using a maternal-fetal sheep 
preparation, we investigated maternal cardiovascular 
effects and fetal outccemes after iv bolus injections 
of lidocaine, mepivacaine or bupivacaine. 


Methods. Nineteen pregnant ewes near term and 
l-3 yrs of age, had preparatory surgery while 
anesthetized with 09 and halothane. Polyvinyl cath- 
eters were inserted into a femoral artery for 
continuous recording of BP, into a femoral vein for 
drug injection, into a carotid artery for blood 
sampling, and into an internal jugular vein for 
iv fluids. A pacing electrode was placed via an 
internal jugular vein into the right ventricle to 
record intracardiac ECG. A mid-line abdominal in- 
cision was made and the uterus was exposed. Through 
a small hysterotomy incision the fetal hind limbs 
were extracted. Polyvinyl catheters were placed 
bilaterally in the femoral arteries. The fetal limbs 
were then placed back and the uterus and abdominal 
incisions were closed. 

To establish a sensory level in a 70 kg 
pregnant patient undergoing epidural anesthesia the 
required dose is approximately 20m] of 2.0% lidocaine 
(5.7 mg/kg), 20 ml 2.0% mepivacaine (5,7 mg/kg), or 20 
ml 0.75% bupivacaine (2.1 mg/kg). Therefore, our 
study animals received amounts of lidocaine, mepi- 
vacaine or bupivacaine injected intravenously on a 
mg/kg basis over 10s ("Llow-dose")that would 
ordinarily be used in humans. To exaggerate cardiac 
effects, we gave some animals twice this amount 
("high-dose"). The sequence of injection of local 
anesthetic was determined randomly, and given on 
separate days. 

After a 24-hr recovery period, healthy ewes and 
fetuses were studied. Baseline values for cardio- 
vascular variables, arterial blood gas and acid-base 
status were determined during a 30-min control 
period. The animals were awake and lying quietly, 
breathing room air or 02-enriched air to ensure 
normal resting PaQ? (60-100 mm Hg). Surface and 
intracardiac ECG's maternal systemic BP and fetal 


systemic BP were recorded continuously on a polygraph. 


To analyze arterial blood gases, acid-base status and 
drug concentrations, we obtained maternal blood 
samples at 1, 2, 3, 4, 5, 10, 15, 20 and 30 minutes 
and fetal blood samples 3, 5, 10, and 20 minutes 
after the iv injection of local anesthetic. Serum 
drug concentrations were determined by chromato- 
graphic methods (GLC & HPLC). 90 seconds after 
injection of local anesthetic, 100% 0, was 
administered. Thiopental, 1.0 mg/kg f; was given to 
terminate seizures; other cardiotonic drugs were 
given as necessary for resuscitation. 


We compared data using analysis of variance and 
paired student's tests when comparing the groups. è 
incidence of arrhythmias was compared using the chi 


method. A p<0.05 was considered statistically 


significant. 


Results. As shown in the Table, equipotent 
boluses of iv lidocaine or mepivacaine were well 
tolerated by mother and fetus. In contrast, all 
animals receiving “low-dose” iv boluses of bupivacaine 
developed life-threatening ventricular arrhythmias. 
After iv boluses of"high~dose"bupivacaine, all ewes 
died despite aggressive CPR and pharmacologic therapy. 

Fetal/maternal drug ratios were similar at 3 
min. in all groups (.62 to .68) except the high-dose 
bupivacaine group (.45).At 3 min after iv injection 
of local anesthetic, fetal pa02 decreased an average 
of 25% from control, whereas in the high-dose 
bupivacaine group, it decreased 62% from control. 
Fetal paQ2 was normal or above-normal in all groups 
10 min after injection of local anesthetic except in 
the high-dose bupivacaine group where it remained 
85% below control. Fetal heart rate (FHR) changes 
were most marked after high-dose bupivacaine injec- 
tion, showing a signficantly greater fall in FHR in 
this group at 2 min. By 5 min. post-injection, all 
fetuses were alive but with FHRs 50% of control 
values. No fetus survived to 10 min despite vig- 
ourous maternal resuscitation attempts. 


Table. 


Lidocaine Mepivacaine Bupivacaine 
Changes on ECG L(n=5)H(n=5) L(n=5)H(n=5) L(n=5)HM=5 ) 


Ventri tachy 0 
Multiform PVC's 
Widened QRS 


0 
0 
Ventri fibrill 0 
Death 0 








Low dose = L, High dose =H 


Conclusions. In normoxic, normocarbic pregnant 
ewes near term: (1) Equipotent boluses of iv lido- 
caine or mepivacaine produced benign cardiovascular 
effects in mother and fetus, (2)}Bupivacaine boluses 
iv resulted in life-threatening maternal cardiac 
arrhythmias and after high-dose injection maternal 
cardiovascular collapse, and (3) Lidocaine, mepi- 
vacaine, and bupivacaine all readily crossed the 
placenta after iv bolus injection. Significant 
metabolic and hemodynamic changes occurred in the 
fetuses of the high-dose bupivacaine group despite 
vigorous resuscitation of the mother. 
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Introduction. Balanced anesthesia utilizing 
thiopental, ketamine, or thiopental supplemented with 
ketamine and N,0:0, followed by intubation with 
the aid of succinylcholine have been safely used in 
patients undergoing Cesarean section. As long as 
the analgesic induced respiratory depression is pro- 
perly reversed by the administration of naloxone to 
the mother, into the cord or to the neonate, the 
APGAR scores are not depressed and the fate of 
the neonate is not compromised by the administra- 
tion of an analgesic. In the past, meperidine and 
fentanyl were primarily the agents used for supple- 
mentation of obstetric anesthesia with rapid trans- 
placental transfer for all of these agents. A re- 
cently introduced agonist-antagonist, nalbuphine 
offers a safer alternative to anesthesia for Cesarean 
section, since it causes little respiratory or circu- 
latory depression. Its transplacental transfer, 
however, has not been determined as yet. There- 
fore this study was undertaken. 


Methods. Following approval of the Institu- 
tional Review Board, eight patients who gave valid 
written consent were studied. Their mean age 
+ S.D. was 26.645.5 years, mean weight t S.D. was 
77.3ł+23.7 kg, height was 163.147.1 cm. They were 
premedicated with 0.2 mg glycopyrrolate i.m. and 
30 ml of 0.3 M sodium citrate p.o. 30-45 minutes 
before induction with a mean dose + §.D. of 3.5+ 
0.8 mg/kg thiopental. They were intubated follow- 
ing 3.0 mg d-tubocurarine pretreatment and 1.5 
mg/kg succinylcholine i.v., with cricoid pressure. 
After the confirmation of correct placement of the 
endotracheal tube, nalbuphine, 0.21+0.05 mg/kg 
diluted in 10 ml saline was injected over 30 seconds. 
The time to delivery after the injection of nalbu- 
phine varied from 2 to 10 minutes with a mean of 
5.6 minutes. APGAR scores were taken at 1 and 5 
minutes. Blood samples were taken from the 
mother's peripheral vein and the cord of the neo- 
nate and blood levels were determined by gas- 
chromatography mass-spectrophotometry. Blood 
pressure and pulse rate were intermittently deter- 
mined by a non-invasive trend recorder, 


Results. As Table 1 shows, the mean blood 
level of nalbuphine in the parturient was 64.1+20,8 
ng/ml, while in the neonate the blood level was 
significantly higher than in the parturient, a mean 
+S.D. of 89.3419.3 ng/ml. Therefore the trans- 
placental ratio was found to be 1.4/1. This re- 
presented very rapid transplacental transfer of nal- 
buphine, more rapid than that of either meperidine 
or fentanyl. Delivery occurred within a mean of 
5.642.3 minutes after the administration of 0.2140. 05 
mg/kg of nalbuphine. There was a linear correlation 
between injected dose and either maternal or neo- 
natal blood levels. Despite this very rapid trans- 
placental transfer of nalbuphine and high blood 
levels in the neonate, the mean APGAR scores were: 
6.642.5 at 1 minute and 8.5+2.1 at 1 and 5 minutes. 
No correlation was observed between the time inter- 
val from irjection to the delivery and neonatal nal- 
buphine blood levels, nor was any correlation found 


between neonatal blood levels and APGAR scores. 
No significant hemodynamic changes occurred after 
nalbuphine administration as shown in Figure l. 


Discussion. 1) The transplacental transfer of 
nalbuphine is rapid, the neonatal/maternal ratio is 
1.4/1. 2) Despite this rapid transplacental trans- 
fer of nalbuphine, APGAR scores at 5 minutes were 
acceptable. 3) No correlation was observed between 
neonatal blood levels and APGAR scores. 4) Based 
on the lack of the cardio-circulatory changes observ- 
ed in the mother and the acceptable APGAR scores 
observed in this small patient population, it is likely 
that nalbuphine will be an acceptable analgesic com- 
ponent of intravenous anesthesia for Cesarean sec- 
tion. Further studies on the cardio-circulatory 
effects of nalbuphine in neonates are warranted. 


Table 1 


NALBUPHINE BLOOD LEVELS IN MOTHER AND NEONATES 








Mother Neonate 

ng/ml ng/ml 
#1 102.05 64.50 
#2 79.11 124.37 
#3 28.56 96.99 
#4 62.92 72.52 
#5 65.81 93.29 
#6 58.63 85.36 
#7 59.84 75.08 
£8 55.88 102.73 
Mean 64.1 89.35 
S.D 20.8 219.27 

Figure 1l 


HEMODYNAMIC CHANGES DURING THIOPENTHAL-NALSUPHINE ANESTHESIA 
FOA CESAREAN SECTION 


@ Syat.ap 
A Dias: oP 


@ Heart rate 





Before ing. After ind. Before Delivery After Oslivery 


206 ANESTH ANALG 
1985;64:185-304 ` 


ABSTRACTS 


Title: A COMPARISON OF AUTOMATED OSCILLOMETRIC AND CATHETER-TRANSDUCER MEASUREMENTS OF ARTERIAL PRESSURE 


Author: R.F. Davis, M.D. 


Affiliation: Department of Anesthesiology, University of Florida College of Medicine, Gainesville, FL 32610 


Introduction. A variety of devices are 
available that measure arterial pressure 
noninvasively and automatically by using either 
oscillometric or auscultatory techniques. This 
investigation was designed to compare arterial 
pressure (systolic, diastolic, and mean) measured 
oscillometrically by one such device (Vitalcheck®, 
IVAC, Corp.) with that measured invasively by 
arterial catheterization, with both devices used at 
the same time and applied to the same arm. 


Materials and Methods. Fifty patients who 
required invasive (catheter~transducer) measurement 
of arterial pressure during surgical operations and 
who were anesthetized by this author were selected 
for study. Catheter-transducer measurement of 
arterial pressure was accomplished with a 2-in, 
20-pa, nontapered, Teflon® catheter placed 
percutaneously into the radial artery and connected 
in sequence to a 4-foot section of rigid 
polyethylene tubing (Cobe, Inc.), a continuous 
infusion device (Intraflo®, Sorenson, Inc.), and a 
Hewlett-Packard (Model 1290) or a Bentley (Model 
800) transducer. The fundamental frequency 
response and damping coefficient characteristics of 
the arterial catheter, connecting tubing, and 
transducer as a unit were determined by the "snap" 
test as described by Gardner (1). Arterial 
pressure waveforms were continuously recorded on a 
Hewlett-Packard strip chart recorder driven at a 
paper speed of 25 mm/min. Mean values of the 
transduced pressure waveform were calculated from 
the strip chart data by the formula: mean = 
diastolic + [1/3 (systolic - diastolic)]. 
Transducers were appropriately zeroed and 
statically calibrated with a mercury column before 
pressure recording. Arterial pressure was assessed 
noninvasively by the oscillometer, with an 
appropriately sized cuff placed around the upper 
arm on the extremity in which the radial artery 
catheter was inserted. Digital data from the 
oscillometer were compared with averaged values 
obtained from the catheter-transducer system over 
the 10~s period immediately before inflation and 
immediately after deflation of the oscillometer 
cuff. By this method arterial pressure 
measurements from the two techniques were as close 
to simultaneous as possible. If the systolic 
pressure value obtained from the 
catheter-transducer immediately before cuff 
inflation differed from the corresponding value 
obtained immediately after cuff deflation by more 
than 10%, that set of data (systolic and diastolic, 
catheter-transducer and oscillometer) was excluded 
from the analysis. Oscillometric and 
catheter-transducer data were compared by linear 
regression analysis. Differences between pairs of 
the two measurement techniques were compared by 
Student's t test. 


Results. The 50 patients ranged in age 
from 14 to 75 years and the surgical procedures 
included cardiac, neurologic, and general surgical 
procedures. A total of 399 pairs of data were 
obtained, of which 14 were excluded from analysis 
because of variability in the catheter-transducer 
pressure measurements as described. Thus, 
comparisons are based on analyses of 385 pairs of 
data from 50 patients. Data from the "snap" test 
of the catheter-transducer system revealed a 
fundamental frequency response of 23.7 + 2.6 Hz 
with a damping coefficient of 0.26 + 0.02. The 
regression relationships for all 385 pairs of data 
are: systolic: Vitalecheck® = 0.92 (catheter- 
transducer) + 3.52, r= 0.91; diastolic: 
Vitalcheck® = 0.92 (catheter-transducer) + 1.34, 
r= 0.76; and mean: Vitalcheck® = 
0.96 (catheter-transducer) + 0.68, r = 0,84. 
The differences between measurement techniques 
(catheter-transducer minus oscillometer) were: 
systolic: 5.2 + 0.4 mmHg, diastolic: 
3.7 + 0.5 mmHg; and mean: 2.3 + 0.4 mmHg. 
These values corresponded to percent differences 
of 4.5 + 0.3, 5.5 + 0.7, and 2.7 + 0.5, 
respectively. Differences between the two 
techniques, whether expressed in absolute or in 
percent difference, were statistically significant 
for all three pressures (P < 0.01). 


Discussion. The principal finding of this 
investigation is the close linear correlation 
between oscillometric and invasive determinations 
of systolic, diastolic, and mean arterial 
pressures. Among individual regression analyses, 
the strongest correlation was for systolic 
pressure and the weakest for diastolic pressure. 
This observation is consistent with the physical 
principles underlying the oscillometric pressure 
measurement technique, where signal strength for 
systolic and mean pressures is substantially 
stronger than that for diastolic pressure (2). 
Despite the overall strong correlation between the 
two techniques, there was a small but 
statistically significantly lower value obtained 
with the oscillometer than with the 
catheter-transducer for systolic, diastolic, and 
mean pressure values. 
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Introduction: Atracurium besylate (Tracrium™) 
is a relatively new nondepolarizing muscle relaxant 
with an intermediate duration of action. Its 
novelty is a unique metabolic pathway. Atracurium 
is degraded via two nonoxidative processes (Hofmann 
elimination and ester hydrolysis), which generally 
take place outside the liver and kidney. In this 
study, we evaluated the pharmacokinetics and 
pharmacodynamics of atracurium during isoflurane 
anesthesia to ,(a) confirm the previous data 
independently ’” and (b) to investigate a possible 
effect of isoflurane on these parameters. 


Methods: Sixteen patients (8 normal and 8 
anephric) were studied after having given 
institutionally approved informed consent. Renal 
failure patients were dialysed within 24 hours 
prior to surgery. Premedication was 5-10 mg 
Diazepam p.o. Anesthesia was induced with 4 mg/kg 
sodium thiopental and intubation was performed 
under isoflurane, N,0-0, anesthesia without the use 
of muscle relaxants. Anesthesia was maintained with 
0.75 to 24 isoflurane in 60% N,„O and 40% 0,. 

eee 2 2 
Temperature was kept within physiological range. 
Neuromuscular function was measured by recording 
the force of thumb adduction with a Grass FT10 
transducer and recording the single twitch 
delivered via a Grass 888 stimulator through needle 
electrodes to the ulnar nerve at the wrist. 

After stabilization of vital signs, Atracurium 
0.5 mg/kg was injected over a 20 second period. 
Blood samples for the determination of plasma 
levels of atracurium were drawn at 2, 4, 6, 8, 10, 
15, 20, 25, 30, 45, 60, 75, 90 and 120 minutes. 
Samples were handled and apalysed according to a 
modified method of Neill. Data were fitted to a 
two compartment pharmacokinetic equation. We 
calculated the volume of distribution (Vd/4 ) the 
plasma half life (t38) and plasma clearance (C1). 
Onset, duration and’ recovery time were measured 
from the twitch recordings. Data were compared by 
t-test and significance was assumed at the p4 0.05 
level. 7 


Results: The table shows data on 6 normal and 5 
anephric patients, A full set of results will be 
presented at the meeting. The figure shows plasma 
concentrations of atracurium after a 0.5 mg/kg 
bolus injection to a  represențatiye anephric 
patient. 


Discussion: Plasma half life, volume of 
distribution and clearance in the renal failure 
group were similar to the values of normal 
patients. In this set of data, differences are not 
statistically significant. The virtually 
identical plasma clearance values in both groups 
are the basis for our conclusions. 


Conclusion: Anephric patients distribute and 
eliminate atracurium much like normal patients. 
These results confirm earlier findings. Further, in 
comparison to a previous study , we found that 
duration of neuromuscular blockade and recovery 


times were slightly prolonged (NS) after the 
administration of an equivalent dose of atracurium. 
This is probably due to the effect of the volatile 
anesthetic agent. 
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Parameter Normal Patients Renal Failure 
n=6 . n=5 

va (ml/kg) - 140437 166+40 
t1/28 (min) 17+2 18+3 
Cl (ml/kg/min) 5 .8+2.0 6.342 
Onset (min) 

(inj-»max block) 2.0+0.9 3.0+0.9 
Duration I (min) 

C(inj-+25% recovery) 53+14 45415 
Duration II (min) 

(inj—»295% recovery) 85+18 72+20 
Recovery time (min) 

(25-75% twitch height) 18+12 17+10 





All values mean + SD 


© Observed 
© Calculated 


PLASMA LATRACURIUM] 
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Introduction. It is well established that plasma levels 
of cortisol are elevated during surgical procedures as well 
as during hypovolemic hypotension. The purpose of this 
study was to assess the neuroendocrine response to 
vasodilator-induced hypotension in patients undergoing 
total hip arthroplasty using two different anesthetic tech- 
niques, 

Methods. Twenty-four patients (ASA status I-IID 
undergoing total hip arthroplasty were included in this 
study. Institutional Review Board approval and informed 
consent from each patient were obtained. Preoperative 
medication included diazepam, 10 mg and cimetidine, 300 
mg orally. Anesthesia was induced with thiopental, 2-5 
mg ' kg7! I.V., and endotracheal intubation facilitated by 
succinylcholine, 1 mg + kg-! I.V. Lidocaine, 2 mg > kg"/, 
was sprayed topically prior to intubation. Metocurine was 
used for subsequent muscle relaxation. The end-expired 
concentrations of enflurane and nitrous oxide were mea- 
sured with a Perkin-Elmer mass spectrometer. Radial 
arterial and right internal jugular venous catheters were 
inserted percutaneously for blood sampling and the 
measurement of arterial and central venous pressure, 
respectively. Four groups of 6 patients each were studied: 
group I received nitrous oxide, 0.65 MAC, plus intravenous 
fentanyl, 15 ug- kg-l initially, followed by one-quarter of 
this dose every 30 minutes for the first hour, followed by 
one-eighth of the initial dose every 30 minutes thereafter. 
This method of administration of fentanyl was developed 
using a pharmacokinetic model of fentanyl based on studies 
by McClain and Hug.! This dosage schedule would assure a 
relatively constant plasma level of the drug. Group II was 
the same as group I with the addition of sodium 
nitroprusside intraoperatively, resulting in a 30% decrease 
in the mean blood pressure from the control level. Group 
III was given nitrous oxide, 0.65% plus enflurane, | MAC 
(1.7% end-tidal) and group IV was treated as group III, with 
the addition of sodium nitroprusside to induce the same 
degree of hypotension as in group Il. In all groups, 
nonglucose-containing crystalloids and blood were admin- 
istered to maintain CVP and hematocrit values. Hemo- 
dynamic variables and blood samples for catecholamine, 
cortisol, and glucose measurements were taken at eleven 
consecutive stages. The data from the day prior to surgery 
(control), the mean of 5 intraoperative values (intra), and 2 
hours after the completion of surgery (post) are presented 
here. Cortisol concentrations were determined by radio- 
immunoassay, and glucose by the glucose oxidase method. 
Statistical significance (P <0.05) was determined by two 
factor analysis of variance. 

Results. There were no significant differences in the 
control measurements between groups. Intraoperative 
cortisol and glucose levels were elevated in the hypoten- 
sive groups, while they were increased in all groups 
postoperatively. Intraoperative cortisol and glucose levels 
were higher in the hypotensive fentanyl! group compared to 
the normotensive counterparts. In the hypotensive 
fentanyl patients, the intraoperative cortisol levels were 
lower than in the hypotensive enflurane group, but higher 
than in the normotensive fentanyl patients. Intra- 


operative glucose concentrations were also higher in the 
hypotensive fentanyl patients than in the normotensive 
counterparts, while postoperatively the glucose levels were 
higher in the hypotensive fentanyl patients than in the 
corresponding enflurane patients. 

Discussion. Sodium nitroprusside-induced hypoten- 
sion was accompanied by glucose and cortisol concen- 
trations greater than those associated with normotension, 
when the same anesthetic techniques were employed. This 
may be interpreted as an additional stress response beyond 
that associated with surgery. While fentanyl anesthesia in 
the doses employed here blunted the neuroendocrine 
response to surgery better than enflurane anesthesia, 
enflurane was superior to fentanyl in preventing this 
additional response associated with induced hypotension. 
As an added benefit, enflurane was superior to fentanyl in 
altering the increased heart rate associated with 
nitroprusside-induced hypotension. 

Reference. 

1. McClain.DA, Hug CC: Intravenous fentanyl kinetics. 
Clin Pharmacol Ther 1980; 28:108-114. 


Hemodynamic and Metabolic Values in Patients Under- 


going Total Hip Arthroplasty (Mean + SEM) 


CONT INTRA POST 
HR 77.644.2  57.3+2.8*,+ 83.1+5.6 
ņ Fent MBP 92.8+3.7 89.343.5 95.8+4.3 
Norm Cort 10.88%1.32 12.84+2.79+ 28.22+3,47* 
Gluc &9.4+7.9 102.6+8.7 137.6+17.2* 
HR 79.343.8  &9.1+7.2+ 85.5+8.9 


g Fent MBP 88.842.2 6 5.842.745" 83.8+2.0 
Hypo Cort 12.21ż1.44 21.06+2.05*st;ł 37.13+3,00* »+ 
Gluc 109.3Ł5.5 156.3t16.0*s+ 198.8+22.8*,t;t 


HR 81.1+5.3  90.8Ł5.7* 85.5+6.0 


m Enf! MBP 101.8¢4.7 84,.8+7.1* 101.0+4.9 
Norm Cort 15.83+2.89 23.464+2.52 24.86+2.76* 
Gluc 93.844.7 119.1+6.9* 136.5+13.0* 


HR 78.143.8 75.324.5 73.343.5 


ry Enfl MBP 101.045.2 72.344.0* s+ 84. 1+8.0+ 
Hypo Cort 16.1842.90 29.7441.53"  31.02+1.40* 
Gluc 109.3+8.3  144.5+2,7* 141. 1+6.4* 


Group I = nitrous oxide 0.65 MAC + fentanyl 15 ug - kg-l 
LV. + maintenance doses; Group H = nitrous oxide 0.65 
MAC + fentanyl 15 ug: kgl I.V.+ maintenance doses + 
SNP-induced hypotension; Group IHI = nitrous oxide + 
enflurane 1.6 MAC; Group IV = nitrous oxide + enflurane 
1.6 MAC + SNP-induced hypotension. Cont = control; intra 
= intraoperative; post = 2 hours postoperative. HR = heart 
rate in beats. minl; MBP = mean blood pressure in 
mm Hg; Cort = cortisol concentration in ng - mi-1; gluc = 
glucose concentration in mg - di-l, 

* = p <0.05 vs. control in same group 

+ = p <0.05 vs. normotensive group w/same anesthetic 


+ = p <0.05 vs. enflurane group w/same condition (MBP) 
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Introduction: Bupivacaine has been reported zo cause 
life-threatening arrhythmias in normal animals~™ and 
cardiovascular collapse and death in hypoxic anë 
acidotic animals.* Several case reports of accicental 
intravenous injection of bupivacaine suggest that 
bupivacaine can also be cardiotoxic in humans.” In 
most of these clinical reports as well as the animal 
studies, bupivacaine without epinephrine was used, 
Moore and Scurlock” have postulated that the use of 
epinephrine-containing solutions may prevent the 
myocardial depression which occurs with accidental 
intravenous injection of bupivacaine. We investigated 
this hypothesis by constructing dose response curves 
for the lathal dose of bupivacaine solutions with and 
without epinephrine and determined the LDsq for each 
solution. We studied unanesthetized rabbits rendered 
acidotic and hypoxic to simulate the acidosis that 
often occurs during local anesthetic~induced seizures 
in humans. 


Methods: Under halothane/oxygen anesthesia, catheters 
were inserted into femoral arteries and veins of 7C 
rabbits. After recovery from preparatory surgery, 


animals were given a mixture of air, CO2, and nitrcgen 


to breathe until arterial pH was between 7.12 and 


7.18 and PaO2 was 10 to 20 torr below control. Rabkits 


then received an intravenous injection of either 

0.5% bupivacaine plain or 0.5% bupivacaine with 
epinephrine 1:200,000 over 10 sec. Five animals were 
Studied at each of a variety of doses ranging from 
1.0 to 2.8 mg/kg. Continuous EKG and arterial 
pressure tracings were monitored for the first 5 min- 
utes following injection. Dose response curves were 
constructed by plotting mortality (%) against grug 
dose by the method of Litchfield and Wilcoxor. 


Results: The LDgg's of a bolus dose of bupivacaine 
with and without epinephrine were almost identical, 
i1.@., 1.56 mg/kg with epinephrine and 1.62 without 
epinephrine (figure). The slope of the curve for 
Plain bupivacaine was 1.35 and for bupivacaine with 
epinephrine, 1.18. These were not significantly 
different, 


Discussion: When plotting dose of bupivacaine against 
mortality in acidotic rabbits, a very steep curve is 
preduced (figure). This is not modified by adding 
epinephrine to the solution nor is the LDsq changed 
by epinephrine. We cannot predict the effect of 
larger doses of epinephrine, but would note that 
larger doses go beyond those commonly used. We 
conclude that the addition of epinephrine 1:200,000 
does not protect against the cardiotoxicity of 
bupivacaine in acidotic rabbits, 
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INTRODUCTION: Hypotension due to hypovol- 
emia or endotoxin shock causes brisk 
elevations in plasma levels of, immuno- 
reactive 8-endorphin (G-END) . 1 No studies 
have yet described ßB-END levels during 
hypotension induced by vasodilation. This 
is the subject of the present report. 


METHODS: Studies were conducted on seven 
consenting ASA Class I or II patients who 
received oral diazepam, 0.1 mg/kg, for 
premedication. Thiopental (5 mg/kg) was 
used for induction followed by succinyl- 
choline (1 mg/kg) for intubation. 
Anesthesia was maintained with halothane 
(1%), N O-O5 (3:2 l/min), and curare 

(0.4 mg/kg). Induced hypotension (IH) with 
a mixture of nitroprusside (25 mg) and 
trimethaphan (250 mq) in 5% dextrose 
solution was begun before surgical incision. 
Circulatory variables and arterial blood 
samples were obtained before and one hour 
after induction of anesthesia. After the 
second blood sample, IH commenced and 
Surgical incision followed 10 minutes later. 
Measurements were repeated 15,30,45, and 

60 minutes after IH began. Two final 
measurements were obtained just before 
termination of hypotension and 15 minutes 
later. Blood was analyzed for 1) immuno- 
reactive B-endorphin and lipotropin 
(RIA)*; 2) plasma renin activity (RIA); 

3) plasma catecholamines (radioenzymatic 
assay); 4) plasma aldosterone (RIA); and 
5) gases and electrolytes. Data were 
examined by analysis of variance and 
Student's t test. 


RESULTS: Administration of the hypotensive 
mixture produced a smooth decrease in 
pressure. Mean arterial pressure decreased 
from 75 +2.4 to between 51 and 55 mm Hg 
during hypotension; ro rebound increase 
occurred following discontinuation of 
infusion. Heart rate and cardiac output 
did not change significantly. B-END 
levels increased steadily during hypoten- 
sion from 30.9 pg/ml (before hypotension) 
to 38, 44.7, 64.5, 77.1 pg/ml (every 15 min 
for 1 hour); they were 129 pg/ml at end of 
hypotension. PRA, catecholamines, and 
aldosterone, likewise, showed significant 
increases during hypotension. The mean 
doses of nitroprusside and trimethaphan 
were 0.3 mg/kg and 3 mg/kg, respectively, 
with a mean duration of hypotension of 

24l min. 


DISCUSSION: The present study demonstrates 
that plasma 8-END rises gradually during IH, 
in contrast to the rapid and marked (10 
times) elevations in other types of hypo- 
tension. Our results also show that plasma 
B-END changes in conjunction with plasma 
renin activity and aldosterone in response 
to IH, and that rises in these three 
hormones lag the increases.in catechola- 
mines. Confirming others,~ we did not 
observe changes in 8-END levels during 
anesthetic induction and surgical incision. 


CONCLUSIONS: 


l. The slow rise of -END during IH and 
its abrupt drop (to 78.7 pg/ml) after 
termination of IH suggests that when 
cardiac output is held constant, factors 
besides surgical stress or vasodilation 
contribute to B-END release. 

2. Our failure to confirm prompt rises in 
B-END during surgery as reported by DuBois 
et al~ may reflect differences in anes- 
thetic techniques, surgical procedures, or 
assay methods. Hemodynamic status and 
surgical effects on hormone levels were 
not specified. 

3. Activation of opioid pathways during 
IH may augment the hypotensive effects” of 
trimethaphan and nitroprusside, and help 
reduce MAC of inhalational anesthetics. 

4. Trimethaphan or nitroprusside may 
influence 8-END responses to surgical 
stress and TH. 

5. Further studies of these hormonal 
responses to stress may help elucidate 
reciprocal interactions of opioid peptides 
and catecholamines. 
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Introduction. Previous studies have demon- 
strated the benefits of epidural narcotics for pain 
relief in adults (1,2). Little information exists 
on the use of epidural narcotics in the pediatric 
populaticn. We report here our experience with 
epidural morphine for postoperative analgesia in 
children. 

Methods. This evaluation received institu- 
tional approval and informed consent was obtained, 
Seven children, ages 10-17, received postoperative 
epidural morphine analgesia. Indications for 
choosing this technique were anticipated postopera- 
tive respiratory difficulty (obesity, cystic fi- 
brosis) ar previous severe emotional reactions to 
painful procedures (chronic diseases). Following 
induction of anesthesia and endotracheal] intuba- 
tion, epidural catheters were placed at the L2-3 
interspace, using a 17g Tuohy needle and a loss of 
resistance technique. Luer lock adapters with 
bacteriostatic filters were attached to the free 
end of the catheters. Maintenance anesthesia 
consisted of epidural lidccaine 14% combined with 
N»0/02 anesthesia or general anesthesia with 
halothane/N,0/0.. Thirty to 45 minutes prior to 
the end cf surgery, preservative-free morphine was 
injected through the epidural catheter, with doses 
calculated per cm of patient height. At the end of 
Surgery, inhalation anesthesia was discontinued and 
the patients taken to the recovery room. Two hours 
following initial administration of epidural 
morphine the patients were asked if they were 
comfortable. If not, the initial dose of epidural 
morphine was repeated. Once the patients were 
comfortable, a naloxone infusion was begun at 
10 yo/kg/hr. If unwanted side effects of morphine 
appeared, 1 g/kg IV naloxone boluses were admin- 
istered and the naloxone infusion rate was in- 
creased to 20 ug/kg/hr. Repeat doses of epidural 
morphine were acministered when patients requested 
more pain relief. The catheters were removed 22-32 
hours postoperatively. 

Results. Results from all 7 patients are 
summarized in the table and the figure. The 
initial dose of morphine ranged from 24-31 ug/cm of 
patient height. Two patients required repeat doses 
of epidural morphine to become comfortable. 

Initial analgesia lasted a mean of 16 hours and 
subsequent doses gave analgesia for 14 hours. The 
dosing pattern was quite variable between patients 
(figure). No patient required systemic analgesia 
supplementation. Side effects were pruritus, 
nausea, urinary retention and drowsiness. All side 
effects except drowsiness were diminished or 
abolished by supplemental doses of IV naloxone and 
increases in the naloxone infusion rate. No 
patients had respiratory depression as measured by 
respiratory rate. 

Discussion. This report demonstrates that 
postoperative analgesia with epidural morphine can 
be used successfully in pediatric patients. 
Although postoperative respiratory problems were 
anticipated in 4 of the 7 patients, none material- 
ized. Another 3 patients had previous histories oF 
emotional difficulties with hospitalization and 


painful procedures. We felt these patients in 
particular would benefit from epidural narcotic 
analgesia. Parents, patients, and nurses reported 
satisfaction and some surprise at the smooth 
postoperative courses. Drowsiness separate from 
respiratory depression has not been reported in 
adults as a side effect of epidural morphine 
administration. In spite of drowsiness, our 
patients maintained normal respiratory rates, were 
easily arousable and moved about their rooms 
without difficulty. Reasons for the drowsiness 
are not clear. It is possible these patients were 
simply comfortable and fatigued following the 
physical and emotional stress of major surgery. 
Another possible etiology is cephalad spread of 
morphine via the cerebrospinal fluid into the 
brain. The naloxone infusion may have prevented 
more significant signs of central nervous system 
depression. In summary, we report the successful 
use of postoperative epidural morphine analgesia 
in seven children, Drowsiness was an unexpected 
side effect but caused no major complications. 


Table. Dose, Duration of Analgesia, and Side Effects of Epidural Morphine 


Patient Age Weight Height Initial Morphine Dose duration of initia? Side 
{yr} {kg} dem} {eg} {g/cm of height}  Analgesis {hr} Effects? 
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Figure. Dosing pattern of epidural morphine 
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Introduction. Although the EDso for vecuronium 
is similar for infants (16.5 pg/kg) and children 
(19.0 pg/kg) during Nj0-halothane anesthesia, 
duration of neuromuscular blockade after vecuronium 
(70 pg/kg) is markedly longer in infants (73 + 27 
min, mean + SD) than in children (35 + 6 min) (1). 
To determine whether this difference results from 
age-related changes in metabolism, distribution, or 
sensitivity, we determined the pharmacokinetics and 
pharmacodynamics of vecuronium. 

Methods. We obtained approval from our committee 
on human research and informed consent to study 5 
infants (3-11 mo) and 5 children (1-5 yr). 

Anesthesia was maintained with an end-tidal halothane 
concentration equivalent to 0.9 MAC (age-adjusted) 
and 70% N20. Ventilation was controlled to keep 
end-tidal PCOs at 30-40 mmHg; nasopharyngeal 
temperature was kept at 35~-379C. 

The ulnar nerve was stimulated with single, 
supramaximal, 0.15-msec stimuli administered at 0.15 
Ez; and the strength of contraction of the adductor 
pollicis was measured with a force transducer. We 
then administered vecuronium by iv infusion (2.5 
yig/kg/min) until twitch tension was depressed 70-80%. 
Plasma samples, 0.5 ml each, were obtained for 4 hr. 

Concentrations of vecuronium were determined 
using a mass spectrometric technique sensitive to 0.5 
ng/ml, specific for unmetabolized parent compound, 
with a coefficient of variation ranging from 5-15%. 
Elimination half-life (t4,o8) was determined by 
linear regression of the postdistribution log plasma 
concentration vs time. Total plasma clearance (C1) 
and volume of distribution at steady~state (Vd,,) 
were determined using noncompartmental techniques; 
mean residence time (MRT) was calculated as Vd,./Cl. 

To determine pharmacodynamics, we fit the curve 
for plasma vecuronium concentration vs time for each 
patient to a 3~compartment pharmacokinetic model. 
Values for twitch tension were then fitted to the 
estimates of the kinetic parameters using an effect- 
compartment pharmacodynamic model. This permits 
estimation of the steady-state plasma concentration 
that results in 50% depression of twitch tension 
[Cpgg(50)J, the rate constant for equilibration 
between the central and effect compartments 
(t4;2Keo), and the exponent of the Hill equation (y). 
We also calculated the product of Vdg, and Cpgg(59)> 
D(50). Mean values for the two groups were compared 
using Student's t-test for unpaired data. For all 
comparisons, P < 0.05 was considered statistically 
significant. 

Results. Vd,, and MRT were greater in infants 
(table). 4/28, Cl, tysokeo, J, and D(50) did not 
change with age. Cpgg(59) was lower in infants. 

Discussion. The longer duration of vecuronium- 
induced neuromuscular blockade for infants should be 
related to a slower decrease in the plasma 
concentration; plasma concentration would decrease 
more slowly because of age-related changes in Vdg, or 
Cl. We expected changes in Vd,, because distribution 
of muscle relaxants such as vecuronium is limited to 
extracellular fluid (ECF) whose volume decreases 
markedly during the first year of life. We also 
expected age-related changes in Cl since vecuronium 
appears to be eliminated by the liver. Despite the 


usual finding that hepatic activity is lower in 

infants than adults, we found that Cl of vecuronium 

did not change with age. The age-related changes in 

Vdsgg and lack of changes for Cl are similar to those 

for d-tubocurarine (dTe) (2). 

The combination of a larger Vd,, in infants and 
a lack of age-related changes in Cl results in a 
longer MRT, a finding consistent with the longer 
duration in infants. In contrast, age-related 
changes in t4/28 were not parallel to changes in 
duration of action: after a single dose of a muscle 
relaxant, recovery of neuromuscular function depends 
on distribution and elimination rather than on 
elimination alone. 

The finding that Cpgg(59) changes with age is 
similar to the findings for dTe (2) and is consistent 
with the observation that newborns demonstrate 
Pposttetanic exhaustion at lower stimulation rates 
compared to adults. Since there are age-related 
changes in both Vdgg and Cpgg(59), we calculated 
D(50), the quantity of vecuronium present at steady- 
state at 50% depression of twitch tension. D(50) did 
not change with age; thus, the age-related changes in 
Vdgg and Cpgg(59) counterbalance each other. This 
result is consistent with our finding that ED5g for 
vecuronium does not change with age, and is similar 
to the findings for dTe (2). 

In summary, the age-related changes in Vd,, and 
CPss (50) counterbalance each other and resulted in 
values for D(50) that did not change with age. There 
were no age-related changes in Cl; thus, the MRT in 
infants results from a larger Vdg,- The longer MRT 
in infants and the lack of age-related change in 
D(50) are consistent with findings that dose 
requirements are similar for infants and children but 
that duration of action and recovery time are longer 
in infants. In addition, these results are similar 
to the age-related changes for dTe. 
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Table. Pharmacokinetic and Pharmacodynamic Data for 
Infants and Children (Mean + SD) 


Infants Children 
N 5 
t4/28 (min) 64.7 + 30.2 41.0 + 15.1 
Cl (ml/kg/min) 5.6 + 1.0 5.9 + 2.4 
Vdgg (ml/kg) 357 + 70 204 + 116% 
MRT (min) 66.3 + 22.9 34.3 + 8.08 
CPg3(50) (ng/ml) 57-3 + 17.7 109.8 + 28.1% 
t172Keo (min) 3.9 + 1.6 4.0 + 0.6 
y 5.2 + 1.4 6.0 + 0. 
D(50) (pg/kg) 21.2 + 9.9 19.0 + 
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Introduction. While hypothermia (Ty, .<36°C) 
(2) is known to occur as a consequence of surgery 
and anesthesia, there are few studies which have 
determined incidence of hypothermia and hypo- 
thermia as a function of numerous clinical var- 
iables in adult recovery room (R.R.) patients. 
Hypothermia, if unrecognized, may represent a 
significant clinical risk during the early post- 
operative period. Examples are shivering, which 
increases oxygen demand by as much as 400-500%, 
increased minute ventilation with simultaneous 
increase in cardiac output, and prolonged plasma 
half-lives of parenterally administered drugs. 
Previous investigators collected core temperature 
measurements on 198 R.R. patients 17 years or 
older. Study results indicate that hypothermia 
occurs frequently in adults after surgery and 
anesthesia (60% of subjects had temperatures < 
36°C on admission to the R.R.}. Further, in spite 
of an average 82 minute R.R. stay, 13% of subjects 
were still hypothermic on discharge. (2) The 
present study was designed to determine mean body 
temperature of adult recovery room patients and to 
identify patients or patient groups who may be at 
increased risk of hypothermia. 


Methods: Following Institutional Human 
Investigations Committee approval, data were ac- 
cumulated prospectively on 312 adult R.R. 
patients. Adults (17 years or >) admitted to the 
R.R. were monitored for axillary temperature on 
admission and approximately every 15 minutes 
thereafter by staff R.N.'s. These nurses were 
instructed in the research protocol and rein- 
structed in placement of the temperature probe. 
Six FILAC F-1010 electronic thermometers were used 
in the study. Mean body temperature was defined 
as assessment of total body heat which takes into 
account the temperature of the central and peri- 
pheral tissues. Burton (1935) derived an equation 
for the mean body temperature using the mean skin 
temperature and the rectal temperature as a mea- 
sure of core body temperature. Mean body temper- 
ature = (0.66 x rectal temperature) + (0.34 x mean 
skin temperature). (1) Descriptive statistics, 
repeated measures analysis of variance and regres- 
sion analysis were used to examine the data. 


Results: Patients were diagnosed as hypo- 
thermic (mean body temperature <36°C or 96.8°F) or 
not upon édmission to the R.R. Incidence of hypo- 
thermia as a function of patient sex, transfusion 
during surgery or R.R., whether or not the O.R. 
had laminar flow, whether the patient was admitted 
to the R.R. with endotracheal tube in place, and 
A.S.A. classification was examined. Further, type 
of oxygen therapy, anesthetic technique, and sur- 
gical procedure were examined for related differ- 
ences in incidence of hypothermia. The overall 
incidence of hypothermia was 55.6% (173 of 312 
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patients). Transfusion during surgery or R.R. 
increased the incidence to 78.4% (29 of 37) (x“(1) 
= 7.9, p<0.01).Patients admitted from 0.R.'s with 
laminar flow showed a higher incidence (847%, 21 of 
25)(x7(1)=7.74,p<0.01). Patients admitted with 
the endotracheal tube in place showed an increased 
incidence of hypothermia (71.6%, 48 of 76) (x2(1) 
= 8.24, p<0.01). There was a progressive increase 
in incidence of hypothermia as a function of ASA 
classification. Any form of oxygen therapy other 
than a simple face tent was predictive of hypo- 
thermia. With the face tent alone, the incidence 
was 50.5%. When more complex forms of therapy 
were required, 93.9% of the patients exhibited 
hypothermia (x“(1) = 20.6, p<0.01). Type of 
anesthetic was not related to the incidence of 
hypothermia (x2(7) = 11.5, p>0.10). Though the 
surgical procedure employed did show a relation- 
ship to the likelihood of hypothermia, the fre- 
quencies with which each procedure was used made 
specific procedure interpretation difficult. In 
general, longer, more invasive procedures had a 
greater likelihood of producing hypothermia. 


Discussion: These findings further support 
the incidence of hypothermia in the R.R. and the 
indication for careful temperature monitoring 
during the perianesthetic period. Furthermore, 
specific therapies have been identified as in- 
creasing the risk of hypothermia. This informa- 
tion should lead the practitioner to thoughts 
about preventing or reducing the risk in these 
target groups. 
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Introduction. Post~thoracotomy pain is accom- 
panied by many unwanted physiologic changes. 
Splinting and ineffective cough lead to decreases in 
vital capacity, tidal volume, FRC, FEF25-75 and 
FEV], all of which contribute to secretion retention, 
atelectasis, pneumonia, hypoxia and respiratory 
failure. These pulmonary function changes are 
greatest at 24-72 hrs and may persist for 10-14 
days.1 Since patients undergoing thoracotomy 
generally have abnormal pulmonary function prior to 
surgery, and are having variable amounts of func- 
tional lung tissue resected, they demand the optimal 
method of pain control. It has been shown that these 
changes are attenuated, but not eliminated by epi- 
dural morphine sulphate (EMS) , “ epidural local anes~ 
thetics,2 intercostal nerve block3 and transcutaneous 
nerve stimulation.4 Intrathecal morphine sulphate 
(ITMS) has also been used for control of postopera- 
tive pain. This study was done to compare analgesic 
effectivenss of epidural morphine with intrathecally 
administered morphine. 

Methods. We retrospectively reviewed the 
histories of 50 patients managed with intrathecal 
morphine following thoracotomy (Group I), and com 
pared them with 129 post-thoracotomy patients who 
were treated with intermittent injections of morphine 
through an epidural catheter (Group II). Both groups 
received general anesthesia with an inhalation agent 
and intravenous narcotics. All patients were extu- 
bated in the recovery room where Group I patients 
were given intrathecal morphine sulfate in an average 
dose of 0.79 mg. Doses ranged from 0.5-1.2 mg. 

Group II patients received their initial epidural 
morphine injection while in the recovery room. The 
epidural dosage averaged 6.2 mg and ranged from 
3.0~-10 mg. Repeat injections in Group II were 
generally made with the same dosage unless side 
effects or inadequate analgesia suggested a change. 
All patients were nursed in postsurgical ICU where 
repeat epidural injections were available on a 
24~hour basis, as were additional analgesics if 
either intrathecal or epidural morphine were ineffec~ 
tive. We tabulated the percentage of patients in 
whom analgesia was inadequate in both groups as well 
as duration of analgesia provided. 

Results. Only 3 patients out of 50 (6%) in 
Group I requested additional analgesics prior to 16 
hours after injection of intrathecal morphine 
sulfate. This did not differ significantly from the 
7 out of 129 (5.4%) who requested additional analge- 
sics during administration of epidural morphine (Chi 
square analysis). 8 of 50 patients (16%) receiving 
ITMS required no parenteral narcotics during their 
entire hospital stay. The mean duration of analgesia 


for ITMS was 20.83 + 5.96 hours. The mean duration 
of analgesia in the EMS group was 50.58 + 26.05 hours 
with a mean 4.29 injections per patient. The mean 
duration per injection was 11.8 hours. 1 out of 50 
patients (2%) in Group I and 2 out of 129 patients 
(1.6%) in Group II required narcotic antagonists due 
to elevated PaCO2 longer than 4 hrs after injection 
of ITMS or EMS. This difference was not statistical- 
ly significant (Chi square analysis). 

Discussion. This study demonstrates that both 
intrathecal and epidural morphine provide excellent 
relief of post-thoracotomy pain. ITMS has the adva- 
tages of technical simplicity, less risk of bleeding 
and infection since no indwelling material is used, 
and lack of need for in-house personnel available for 
reinjection. However, we feel that the epidural route 
may be more advantageous since catheter placement 
affords convenient access for reinjection which can 
significantly extend the duration of analgesia 
through the period of maximal depression of pulmonary 
function (see Figure). 
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Introduction. Cardiopulmonary bypass (CPB) is 


associated with markedly abnormal cardiovascular 
physiology (1). The responsiveness of the vascula- 
ture to aipha-l adrenergic stimulation might be 
diminished in the setting of CPB, since relatively 
large doses of phenylephrine (PE), an alpha-l ago- 
nist, are often required to support blood pressure 
during normothermic CPB. We have investigated the 
response of the vasculature to PE infusion in dogs 
undergoing CPB. 


Methods. Anesthesia was induced in six female mən- 
grel dogs with IV etomidate (3 mg/kg) and dilaudid 
(1.5 mg/kg), and maintained with etomidate 

(6 mg/kg/hr) and dilaudid (0.4 mg/kg/hr). After tra- 
cheal intubation, controlled ventilation was ini- 
tiated. Mean arterial pressure (MAP), central ven- 
ous pressure (CVP), ECG, and end-tidal CO, were con- 
tinuously recorded on a polygraph. The right atrium 
and aorta were cannulated through a right thora~ 
cotomy. Á Pemco, Inc. Heart Pump with Harvey H-800 
bubble oxygenator was primed with 1.2 ~ 1.5 liters 

of lactated Ringers and hetastarch. Normothermic 
extracorporeal perfusion was initiated with the flow 
increased to achieve a MAP of 60-80 torr. A flow of 
150 ce/min/kg was not exceeded. Arterial blood 

gases were measured and sodium bicarbonate added to 
maintain a normal pH. After 10 minutes the pressor 
dose-response to PE was tested. The baseline MAP 

and CVP were noted along with pump flow rate. 
Repeated doses of PE (4,8,16,32,64 ng/kg) were 
infused into the output port of the pump oxygenator 
over one minute each, followed by a one minute wait. 
The maximum MAP and CVP seen during a dose infusion 
or in the following minute was recorded. The sys- 
tematic vascular resistance (SVR) was computed at 
baseline and after each dose from the known pump 
flow, MAP and CVP. The difference between each 
post-infusion SVR value and that at baseline was 
defined as delta SVR for that PE dose. This PE infu- 
sion protocol was completed over a ten minute period, 
and was immediately repeated. Central cooling (naso- 
pharyngeal temperature 30 +/- 1°C) was begun and 
maintainec for 60 minutes, followed by rewarming to 
pre~coolirg temperatures. Two PE infusion studies 
were performed immediately after rewarming was com- 
plete. The animal was then sacrificed by lethal 
injection and CPB terminated. Curves of the logio 
phenylephrine dose versus delta SVR were constructed 
and the least squares quadratic fit was computed by 
polynomial regression. The PE dose required to cause 
a 500 resistance unit change (ED 500) and a 2000 
resistance unit change (ED 2000) in SVR was derived 
for each curve. All values were compared to those 

at the beginning of CPB. Differences were tested for 
statistical significance (p < 0.05) using ANOVA with 
repeated measures followed by the paired t-test. 


Results. A representative set of PE pressor dose- 
response curves for a single animal during CPB is 
shown in figure 1. There was a significant 

(p < 0.05) increase in both ED 500 and ED 2000 
between the beginning and end of CPB as shown in 
figure 2, 


PHENYLEPHRINE DOSE-RESPONSE DURING CPB 
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End CPB = Post-Cooling 1 And 2 
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0.5 : 1.0 1.5 20 > 
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Figure 1. Representative semi~logarithmic dose 
response curves. Note shift to right 
of succesive curves. Elapsed time 
between pre-cooling curves is 15 minutes. 
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Figure 2. ED 500 and ED 2000 at beginning and end 
of CPB. A much higher PE dose is required 
at end CPB indicating development of 
alpha-l] hyporesponsiveness during CPB. 


Discussion. Vascular responsiveness to alpha~l 


adrenergic stimulation was significantly decreased 
during CPB. Alpha-l hyporesponsiveness often devel- 
oped very rapidly, within 25 minutes of initiating 
Ups. The trigger for the development of alpha-1l - 
adrenergic hyporesponsiveness during CPB is unknown 
but might involve changes in viscosity, non~pulsatile 
flow, or high circulating catecholamine levels. The’ 
development of hyporesponsiveness to alpha~-1 stimu- 
lation during CPB has important ramifications for the 
clinical treatment of patients during and after CPB. 


References. 


l. Gordon RJ, Ravin M, Rawitscher RE, Daicoff GR: 
Changes in arterial pressure, viscosity, and resist- 
ance during cardiopulmonary bypass. J Thor Cardio- 
vase Surg 69:552-561, 1975 


216 ANESTH ANALG ABSTRACTS 
1985;64:185-304 
Title: ADRENERGIC OR CALCIUM CHANNEL BLOCKADE DOES NOT PREVENT POST-COUNTERSHOCK MYOCARDIAL DAMAGE 


IN HALOTHANE ANESTHETIZED DOGS 


Authors: 


DM Gaba, M.D., S Metz, M.D., and M Maze, M.B., Ch.B. 


Affiliation: Department of Anesthesia, Stanford University, Anesthesia Service, Palo Alto Veteran's 
Administration Medical Center, Palo Alto, CA 94304 


Introduction. Necrotic myocardial lesions can be 
produced by transthoracic direct current electric 
countershock (CS) in animals as well as humans. 
Because the lesions are histologically similar to 
those seen after high doses of catecholamines (1), 
and are associated with calcium overload we inves- 
tigated whether adrenergic or calcium channel block- 
ade could attenuate or eliminate these lesions in 
adult dogs. 


Methods. Twenty mongrel dogs were anesthetized with 
halothane 1.54 in oxygen by mask. The trachea was 
intubated without relaxants and ventilation con~ 
trolled to achieve an end-tidal CO, of 4h. An 
intravenous catheter and a femoral arterial catheter 
were placed percutaneously. Lead II of the ECG, 
arterial pressure, end-tidal CQ, and halothane con~ 
centration were continuously recorded. Mean arteri- 
al pressure (MAP). was stabilized to > 60 torr by 
infusion of normal saline or Ringer's lactate, and 
reduction of halothane to a minimum of 1.25%. An 
infusion of one of 4 drugs was given: Saline; 
prazosin (0.1 mg/kg), an alpha-l antagonist; meto- 
prolol (0.5 mg/kg), a beta~-l antagonist; or vera- 
pamil (0.5 mg/kg), a calcium channel antagonist. 
Five minutes after drug infusion two transthoracic 
countershocks of 295 delivered joules each were 
administered at one minute intervals with 8 cm pad- 
dies well coated with conducting cream. Following 
CS ventricular arrhythmias were treated with lido- 
caine (1.5 mg/kg) or atropine (0.2 mg) as required. 
The animals were then recovered from anesthesia. 24 
hours later 10 - 12 mCi of technetium-99m pyrophos-— 
phate (Te-PYP) was injected. One hour later the 
animal was sacrificed and the heart removed. Any 
visible lesions were excised and cut into multiple 
specimens. An adjacent border zone was sampled as 
were the rest of the free walls and septum. All 
Samples were weighed and counted for Tc-PYP activity 
in a gamma counter using a window of 120 -— 160 kev. 

After calculation of Tc-PYP activity as cpm/gram 
all values were expressed as a sample to normal 
ratio (SNR) by dividing by the average activity of 
multiple normal samples from the posterior left 
ventricular free wall. An SNR greater than 3.0 was 
considered evidence of myocardial damage (2). The 
mass~weighted average SNR, and the total weight, of 
all samples with a SNR > 3.0 were computed as 
Standard measures of myocardial damage in each 
animal (2). These were compared between groups by 
one~way ANOVA followed by Dunnet's test for 
comparison of multiple groups to control. Values 
are mean + standard error. Statistical significance 
was considered at p < 0.05. 


Results. Myocardial lesions were seen in 4 out of 5 


control dogs and in all but two dogs receiving ac- 
tive pretreatment (l1 metoprolol and l prazosin). 
Tc-PYP uptake data revealed the following: 


TABLE 1. Effect of Drug Pretreatment on Parameters 
of Myocardial Damage Following Transthoracic 
Countershock i 


Wt. of Tissue 
with SNR > 3.0 





Weighted Average 


Drug Group SNR (grams ) 

Control 14.1 ¢ 3.9 1 58 + 0.58 
(N = 5) ; 

Prazosin 13.9 + 3.9 2.99 + 0.63 
(N = 6) 

Metoprolol 10.6 £ 3.1 1.71 + 0.68 
(N = 5) 

Verapamil 21.5 + 12.5 1.56 + 0.68 
(N = 4) 





No drug group differed significantly from control or 
from other groups. 


Discussion. The etiology of  post~countershock 


myocardial damage is unknown. Our results suggest 
that adrenergic mechanisms and calcium channel acti- 
vity are not critically involved in its pathogene- 
sis. Direct disruption of myocardial and sub- 
cellular membranes by countershock may be the cause 
of these lesions, as is suggested by their appear- 
ance under electron microscopy (3). The similarity 
of the histology of this lesion to that seen after 
administration of high doses of catecholamines 
probably represents a common expression of myo- 
cardial injury rather than a similar initiating 
mechanism. 
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INTRODUCTION Esmolol is a new intravenous beta- 
adrenergic blocker with a distribution half-life of 
2 minutes and elimination half-life of 9 minutes. 
The aim of this study was to determine the safety 
and effect of various doses of esmolol on systemic 
hemodynamics during high-dose fentanyl anesthesia 
for coronary revascularization. 

METHODS After institutional approval and 
written informed consent had been obtained, 20 
patients scheduled for elective CABG were randomly 
assigned to an esmolol or placebo group. The study 
was conducted in a double blind fashion. In 
patients who were preoperatively on beta blockers 
or calcium blocker, the drugs were withheld for at 
least 2 half~lives prior to the beginning of the 
study~period. Premedication consisted of diazepam 
.l mg/kg P.O. 90 minutes before surgery, morphine 
.l mg/kg IM and scopolamine .4 mg IM 60 minutes 
before surgery. After insertion of monitoring 
lines (radial and pulmonary artery catheters ),anes- 
thesia was induced with fentanyl 75 mcg/kg, 
pancuronium .15 mg/kg, and 100% 09. The study 
medication was infused in a stepwise manner to 
obtain an esmolol administration rate of 100, 200, 
and 300 mcg/kg/min. Each dosage level was main- 
tained for 10 minutes and was preceded by a loading 
dose of 500 meg/kg/min for 1.5 minutes. Hemo- 
dynamic measurements and blood samples were 
obtained before anesthesia, before drug infusion 
(baseline), at the end of each administration 
level, and at 5, 15, and 30 minutes after termin- 
ation of the infusion. No surgical stimulation 
occurred during the infusion period. The drug was 
discontinued if any patient became hemodynamically 
unstable. Data were analyzed using Student's 
unpaired T-test for comparison between groups and 
paired T~tests for comparison within the groups. 
All values are expressed as mean + SD. 

RESULTS (See Figure) During infusion of 
esmolol, the pulmonary capillary wedge pressure 
(PCWP), mean pulmonary artery pressure (PAP), and 
systemic vascular resistance (SVR) were significant- 
ly higher than at the time of the baseline measure- 
ment. At the end of the 300 mcg/kg/min infusion, 
the CI was significantly decreased by 21%. However, 
Similar changes in PCWP and CI were observed in the 
placebo group. As a result, the only significant 
difference between the esmolol and placebo group 
was a higher SVR in the esmolol group at the end of 
the 100 and 200 mcg/kg/min infusion. Three patients 
had to be eliminated from the study because their 
CI fell below a predetermined value of 2 L/min/m2. 
Two of these patients were in the placebo group, 
the third one was at the end of the 200 mcg/kg/min 
esmolol infusion. No esmolol was present in the 
blood samples taken from the placebo patients. The 
steady state esmolol blood levels at each dosage 
were found to equal: 1,21+.267, 2.59+.607 and 4.19+ 
1.13 mcg/ml corresponding to esmolol dosage levels 
of 100, 200, and 300 mcg/kg/min, respectively. At 
5 minutes post~infusion the blood levels of esmolol 
were reduced to 8.4% of the peak levels seen at the 
300 mcg/kg/min dose. By 30 minutes post-infusion, 


esmolol could be quantified in only 4 of 10 


patients and those levels were less than 2% of the 
peak levels at 300 mcg/kg/min. 

DISCUSSION Previous studies have shown that 
esmolol can safely and effectively be used to 
decrease ventricular rate in supraventricular 
tachycardia and to block the heart rate and blood 
pressure response to an isoproterenol challenge. l»2 
In our study, the extent of beta-blockade was not 
tested by surgical stimulation or a beta-agonist, 
but the blood levels of esmolol found were in the 
therapeutic range determined previously by other 
investigators.2 The hemodynamic effects of esmolol 
during fentanyl anesthesia without indication for 
beta-blockade were minimal. Surprisingly the heart 
rate in the esmolol group and the placebo group 
were not different. Possible explanations include 
the very low sympathetic tone during fentanyl 
anesthesia and the relatively low heart rate 
present at the beginning of the infusion. Although 
myocardial depression was suggested by an increased 
PCWP and decreased CI, in all patients these 
changes were reversed within 15 minutes of drug 
discontinuation, Thus it appears that, under the 
circumstances of this study, the administration of 
esmolol is safe. 
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Introduction. It is commonly stated in text- 
books (1,2) that trimethaphan camsylate (Arfonad8) 
may cause the release or histamine. This statement 
is repeated in the package insert which recommends 
caution in its use in allergic individuals. It is 
also speculated that the released histamine augments 
the ganglionic blocking effect of trimethaphan to 
produce hypotension. However, there are no docu- 
mented reports of histamine-related side-effects with 
this drug, and blood levels of histamine during tri- 
méthaphan~induced hypotension have never been re- 
ported. Reported evidence (3,4) for release of 
histamine comes from studies done before reliable 
and sensitive assays were available. We therefore 
studied histamine release in patients undergoing 
surgery in which trimethaphan was used to produce 
controlled hypotension. Blood histamine levels were 
determined using a recently developed sensitive 
radio-immune assay. (5) 


Methods. This study was approved by the Human 
‘Subjects Committee. Twelve ASA~I patients (ages l4- 
43 years) with no history of allergy or antihistamine 
use gave informed consent for the study. All 
patients underwent maxillo-facial surgery requiring 
nasal intubation. Premedication was with oral dia- 
zepam only. Anesthesia induction was with thiopental 
2-3 mg/kg sometimes in combination with fentanyl 
2-3 ug/kg. On four occasions, succinylcholine was 
used to facilitate intubation. In all other cases 
intubation was accomplished by the nasal route 
blindly during spontaneous ventilation. Dexametha- 
sone 8 mg was given intravenously after induction to 
minimize the edema of surgery. Where feasible (8 
patients) the radial arterial line was placed while 
the patient was awake and a control sample of blood 
was taken with the patient breathing room air. In 
4 patients, the radial line was placed after in- 
duction and intubation, and the initial and subse- 
quent samples were taken during anesthesia mainten- 
ance with 1-2% isoflurane in nitrous oxide and 
oxygen (50:50). Trimethaphan 0.1% in 5% Dextrose 
was infused via an IMEDR pump, Arterial blood 
samples in heparinized syringes were taken, centri- 
fuged within 30 minutes of sampling and immediately 
frozen. Sampling began just prior to commencement 
of trimethaphan infusion followed by three further 
samples at 5 minute intervals and a fifth sample 
when the hypotensive goal (MAP 50-60 mmHg) was 
reached. Cumulative trimethaphan dosé was recorded. 
Statistical analysis was by paired t-test. 


Results. No patient showed any clinical evi- 
dence of histamine release. There were no signifi- 
cant changes in blood histamine levels comparing the 
“room air" specimens to the control (post-anesthetic 
but pre-trimethaphan) specimens. Comparison of pre- 
trimethaphan histamine levels to those at the later 
sampling times showed no significant changes in mean 
levels at any time (Fig.) The hypotensive goal was 
reached at an average of 22 minutes (18-25 min.) 
after start of infusion. Average dose at this point 


was 26 mg (0.41 mg/kg body weight), and no correl- 
ation between drug dose and histamine levels could 
be found. Histamine levels at the end of the tri- 
methaphan infusion (n=5) after an average total dose 
of 141 mg were not significantly different from con- 
trol levels. An additional 10 patients were studied 
using the same protocol but without exact recording 
of trimethaphan dosage. Here too there were no sig- 
nificant changes in mean blood histamine levels. 


Discussion. Normal blood histamine levels 
range from 300~-1,000 pg/ml. Following bolus admin- 
istration of histamine-releasing drugs. histamine 
blood leveis reach maximum levels at 2-5 minutes 
and return to control values at 5-10 minutes.5/6,7 
Hypotension results when blood histamine levels are 
>5,000 pg/ml8 or >200%9 above control values. ‘The 
sampling frequency in this series was chosen to de- 
tect possible increases in histamine over a longer 
period when a drug is given by slow infusion rather 
than in a bolus. Occasional changes were detected, 
but they did not reach the levels associated with 
hypotension as a histamine effect. No correlation 
was observed between blood levels and blood pressure. 
This study finds no evidence that trimethaphan re- 
leases significant amounts of histamine and no evi- 
dence that histamine contributes to the hypotensive 
effect of the drug. 
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Introduction. Inhalational anesthetic agents may 
influence drug disposition by two major mechanisms; firstly 
by acute alterations in drug distribution as may occur due 
to changes in protein binding or volume ot distribution, and 
secondly, more slowly, by changes in drug elimination. It is 
well recognized that halothane causes hemodynamic 
changes and markedly alters peripheral blood flow. We 
postulated that halothane-induced changes in peripheral 
blood tlow might cause acute alterations in drug distribu- 
tion with consequent increase in plasma drug concentra- 
tions. This has important toxic implications tor the 
intraoperative period. The purpose of the present study 
was to detine the acute eftect of the administration of 
halothane anesthesia on drug distribution in the dog using 
propranolol as a model compound. 


Methods. Five dogs (21.7 + 2.2 kg) were anesthetized 
with intravenous pentobarbital (30 mg/kg), tracheal intuba- 
tion pertormed and ventilation with 100 percent oxygen 
was Controlled to maintain arterial blood gases within the 
physiological range. Cannulae were placed in the temoral 
artery, temoral vein and a peripheral vein. Each dog 
received a loading dose of 6 mg propranolol administered 
over 10 minutes using a constant infusion pump into the 
peripheral vein. The infusion rate was then reduced to a 
maintenance rate ot 0.058 mg/min tor the duration of the 
study. After 90 minutes ot propranolol administration, 
temoral arterial and venous blood samples were obtained 
simultaneously every 10 minutes over a 60 minute period. 
Halothane anesthesia was then administered to achieve an 
end tidal concentration ot 2.0 MAC (1.74 percent) which 
was monitored using the Engstrom gas analyzer (EMMA). 
End tidal halothane concentrations were also determined 
by gas chromatography. Further femoral arterial and 
venous samples were then collected simultaneously every 
minute tor 5 minutes tollowing the start of halothane 
anesthesia, every 2 minutes tor the next 10 minutes, and 
then at 30, 45, 60, and 120 minutes after the start of 
halothane anesthesia. Propranolol concentrations in 
arterial and venous plasma were measured by high per- 
formance liquid chromatography. The statistical signiti- 
cance of differences were determined by analysis of 
variance and students’ t test tor paired values with p < 0.05 
being taken as the minimal level of signiticance. 


Results. A halothane concentration ot 2.0 MAC was 
achieved 20.2 + 2.3 minutes after starting halothane 
administration. The acute effect ot the administration of 
halothane on arterial and venous plasma propranolol con- 
centrations is shown in the tigure and table. During the 
period preceeding halothane administration, propranolol 
levels were remarkably constant with the arterial levels 
being approximately 10% higher than the venous levels. 
However, following halothane administration the arterial 
levels rose rapidly with initially little change in venous 
concentrations so that the arterial to venous concentration 
ratio (A-V ratio) increased by 35% trom 1.13 to 1.52 sixty 
minutes after starting halothane. Venous propranolol con- 
centrations took longer to increase and were signiticantly 
increased only 120 minutes after starting halothane. 


PLASMA PROPRANOLOL CONCENTRATION (ng/ml) 


Discussion. Halothane has been shown to inhibit 
drug metabolism in vivo. This study has shown that 
halothane also affects drug distribution. The rapid rise in 
arterial propranolol concentration following halothane 
administration with no change in venous concentrations 
tor the tirst hour resulted in an increase in the arterial to 
venous concentration ratio. This change implies that 
halothane causes a substantial and rapid change in drug 
distribution to tissues resulting in a 62% increase in 
arterial drug concentration. The mechanism responsible 
tor this change is unclear at present but may involve 
changes in both drug binding and delivery to tissues. In 
the clinical setting, halothane's ability to inhibit drug 
metabolism and to alter drug distribution will be additive 
resulting in increased drug concentrations. 


TABLE: EFFECT OF HALOTHANE ON PROPRANOLOL 
CONCENTRATIONS 
Time Arterial Venous A-V 


(mins)Propranolol Propranolol ratio 
ng/mitSEM  ng/mltSEM +SEM 


Pre 90 80.2411.07 64.2 +47.5 1.2520.09 
halothane 100 75.0+10.7 6784.9 1.09+0.09 

110 78.2+9.7 66.6 t6.1 1.16 +0.05 
120 73.6+9.3 73.649.4 1.00 +0.05 
130 77.8+11.5 67.6 £4.7 1.13+0.10 
140 77.5+9.2 69.8 +9,9 1.12+0.04 
150 82.049.9 67.6 £5.2 1.20 +0.08 

Mean 

pre-halothane 77.47 29.8 68.23 46.3 1.13 40.06 

Post- 

halo- 5 71.0+7.3 67.645.4 1.0540.05 

thane 10 75,4+6.5 62.245.9 1.23+0.10 
15 76.8+6.6 58.544.9 1.25+0.05 
30 84,2+8.0 64.4 +6,3 1.32+0.10 
45 93.8+9.0* 67.0 £6.6 1.42+0.10 
60 107.2+10.1* 71.247.3 1.52+0.08* 
120 126.2+7.5* 85.8 9.1% 1,50+0.10 
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Atracurium has a relatively short duration of action 
compared to other nondepolarizing neuromuscular 
blocking agents and can be administered via continu- 
ous infusion to maintain a consistant degree of 
neuromuscular paralysis throughout surgical proce- 
dures. In this study we evaluated the neuromuscular 
effect of atracurium when given at a continuous 
infusion in children anesthetized with halothane, 
enflurane and N50/0y narcotic anesthesia. 


METHODS 


The protocol of this study was approved by the 
Human Studies Commission of our institution and 
parental written consent was obtained. Fifteen 
children, 1-l0y old (mean+SE 4.3+0.8y), were studied. 
They were premedicated with rectal methohexital 
(25-30mg/kg) and divided at random into 3 groups of 5. 
The first group received No0/Oz halothane (1% 
inspired) anesthesia, the second group received N50/ 
O> enflurane (2% inspired) and the third group 
N,0/0,, morphine (0.1-0.25mg/kg) anesthesia. After 
induction of anesthesia, the ulnar nerve was supra- 
maximally stimulated with repetitive single twitch 
stimuli at 0.1Hz with skin surface electrodes. The 
force of contraction of the adductor of the thumb 
was recorded by a polygraph through a Grass PT-03 
force displacement transducer. 

Following inductior of anesthesia and stabliza- 
tion of the twitch recording for each patient, 
atracurium 0.4mg/kg was administered intravenously 
and the trachea intubated within the next three 
Minutes. When the twitch started to recover 
atracurium infusion (20Qug/ml) was begun. It was 
administered via a I~Mec continuous infusion pump. 
The starting infusion rate for children anesthetized 
with halothane was 8ng/kg/min, with enflurane 
6yg/kg/min and with N»0/0 loug/kg/min. The infusion 
rate was varied to maintain 90-99 depression of 
twitch height throughout the period of infusion. 
Near the end of the surgical procedure the infusion 
was discontinued and the patients were allowed to 
recover from the neuromuscular effect of atracurium. 
If needed, atropine 1l10pg/kg and neostigmine 
30ng/kg were administered for antagonism. 


RESULTS 


The data of the neuromuscular effects of a bolus 
0.4mg/kg dose of atracurium are summarized in Table 1. 








Max Twitch Inj ~ Max Start of Recovery 
Suppression Twitch Suppression of Twitch 
Anesthetic Agent 4 meantSE min+SE min+SE 
Halothane 99+0.5 3,540.35 18.3+1.6 
Enflurane 98.8+0.6 4,541.1 20.3+3 
N,0:0, Narcotic 99.4+0.4 4.040.5 16 ,84+0.7 
pa 





The mean atracurium infusion rate to maintain 90-99% 
suppression of the twitch is summarized in Fig l1. 
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The mean infusion rate to maintain 94.6+0.4% suppres- 
sion of the twitch in children anesthetized with 
halothane and N..0/O. narcotic anesthesia was 8.35+ 
0.13 and 8.97+0.159/kg/min respectively. Inchildren 
anesthetized with enflurane it was significantly 

less at 4.73+0.llyg/kg/min (P<0.001). 


DISCUSSION 


Children anesthetized with halothane and N,0/0, 
narcotic require approximately 9ng/kg/min of 
atracurium to maintain satisfactory neuromuscular 
relaxation. Children anesthetized with enflurane 
(2%) require significantly less atracurium, about 
5nq/kg/min. The enflurane potentiation of atracurium 
is time dependent and reaches its peak about one hour 
after the start of anesthesia. 

The result in children anesthetized with N,0/0 
was not markedly different from that in adults 
studied under similar circumstances. (1) 

Atracurium can be conveniently administered in 
children via continuous infusion to maintain 
satisfactory neuromuscular relaxation. 


REFERENCE 


(1) Gargarian MA, Basta SJ, Savarese JJ, et al: 
The efficacy of atracurium by continuous 
infusion. ASA Abstract, New Orleans 1984. 
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INTRODUCTION: In patients with myasthenia gravis 
(MG) there is a yreater than normal intensity of 
neuromuscular blockade following administration of 
nondepolarizing muscle relaxants. As atracurium has 
a shorter duration of action than the previously 
available nondepolarizing agents, it appeared to 
offer an advantage in the anesthetic care of patients 
with MG. When atracurium was administered to a 
preliminary patient with known MG, the drug require- 
ments did nut appear to be abnormal, leading us to 
study the neuromuscular blocking effects of this 
drug in five patients with MG. 

METHODS: Five patients who gave their written 
informed consent to be studied were scheduled for 
elective surgery. Their clinical details appear in 
the table. Patients 3 and 4 underwent excision of a 
thymoma. Patients 1 to 4 continued to receive oral 
pyridostigmine therapy until the time of operation. 
Patient 5 nad been receiving pyridostigmine, 120 mg 
every 6 hours, and alternate day steroid therapy until 
10 days prior to operation. In all] patients 
anesthesia was induced with thiopental, 300-500 mg, 
and maintained with a volatile inhalation agent, 
usually enflurane, 1.5 to 2.5%. Following induction 
of anesthesia, control values of the evoked twitch 
response were obtained, using the integrated compound 
electromyogram at the hand. Atracurium was then 
administered intravenously in 10 mg increments every 
3 min until the response was less than 20% of the 
control value. Following tracheal intubation, 
ventilation was controlled to maintain end-tiaal 
carbon dioxide at approximately 30 mm Hg. 

RESULTS: The peak intensity of blockade, the 
interval from the last dose of atracurium, and the 
time to 25% of the control response are shown in the 
table. Further doses of atracurium after intubation 
were administered only to patient 5. None of the 
patients required antagonism of their neuromuscular 
blockade, based on a 14/71 ratio in excess of 70% at 
the end of surgery. The endotracheal tube was 
removed from al] patients within the first postoper- 
ative hour, at which time all patients were able 
to sustain head lift for greater than 10 sec and all 
had a negative inspiratory force greater than -20 cm 
water. The preoperative pyridostigmine therapy was 
recommenced in patients 1 to 4 within 24 h of surgery. 
Patients 1, 2, 3, and 5 had no evidence of postoper- 
ative pulmonary complications. At 48 h postopera- 
tively, patient 4 required reintubation and mechanical 
ventilation for a two-day period. 

DISCUSSION: Since beginning this study, two 
reports have appeared of single patients with MG 
receiving atracurium. In the first patient, 
atracurium was administered over 25 min in incremental 
doses total jng 8 mg, to provide "satisfactory" surgical 
conditions.~ The other patient was intubated after 
divided doses of atracurium totaling 0.25 mg.kg 
produced 90% paralysis.¢ 


In normal patients a single dose of atracurium, 
0.56 mg.kg™* produced 10% paralysis, on recovery to 
25% of control in an average of 45 min.’ A dose of 
0.33 mg.kg7! produced greater than 98% block, with 
recovery to 25% of control in 28 min.4 Patients 1 to 
4, who received 0.42 + 0.05 mg.kg"*, recovered to 25% 
of control at an average of 39 min, Suggesting a 


. normal time-course of paralysis. However, the peak 


intensity of response was less than expected in these 
four patients. The fifth patient required a much 
lower dose, perhaps related to the early discontin- 
uation of pyridostigmine therapy. 

REFERENCES: 
l. Ward S. Wright DJ. Neuromuscular blockade in 
myasthenia gravis with atracurium besylate. 
Anaesthesia 1984;39:51-53. 
2. MacDonald AM, Keen RI, Pugh ND. Myasthenia 
gravis and atracurium. Br J Anaesth 1984;56:651-654. 
3. Robertsen EN, Booij LHDJ, Fragen RJ, Crul JF. 
Clinical comparison of atracurium and vecuronium 
(ORG NC45). Br J Anaesth 1983;55:125-129. 
4. Gramstad L, Lilleaasen P, Minsaas B. Onset time 
and duration of action for atracurium, ORG NC45 and 
pancuronium. Br J Anaesth 1982;54:827-830. 


Table: Clinical details. 
Patient 1 2 3 4 5 


Age, years 29 77 63 59 30 
Sex F F M M F 
Weight, kg 75 70 83 81 95 
Duration MG, 9 7 0.1 0.5 10 
years. 

Current dose 120 60 90 60 Zero 
pyridostigmine, q2h qid qåh qh 

mg. 


Time since last 90 240 135 420 ~ 
dose, min. 


Number of doses 3 3 4 3 1 
of atracuriun, 

10mg. 

Peak effect, 5% 6% 13% 3% 2% 
% control. 

Time to 6 8 7 2 6 
peak effect, 

min. 

Time to 25% of 33 40 30 62 30 


control, min. 
PT oe ON nage ee 
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Introduction. Aspiration of acid gastric con- 
tents increases ventilation~-perfusion (V/0) mismatch, 
which decreases blood gas exchange and increases ve- 
nous admixture (Qsp/Qt). Increases in pulmonary ar- 
tery pressure may contribute to hypoxemia and de- 
creased cardiac output. This study was undertaken to 
determine, in a canine aspiration model, the effect 
of nifedipine on pulmonary artery pressures and sub- 
sequently on gas exchange and cardiac performance, 

Materials and Methods. Ten healthy mongrel dogs 
(17-28 kg) were anesthetized with a continuous infu- 
sion of pentobarbital, intubated with an 8-mm endo- 
tracheal tube, and placed supine. Mechanical posi- 
tive pressure ventilation was applied at a tidal vol- 
ume of 12-15 ml/kq and a rate of 10 breaths/min 
{F03 = 0.24). Lactated Ringer's solution was 
infused at 2 mli/kg/h to keep pulmonary capillary 
wedge pressure within 2-4 mmHg of the baseline pres- 
sure, Monitoring included a 7-Fr balloon tipped 
thermal dilution pulmonary artery catheter inserted 
via the left internal jugular vein and a thermister 
tipped catheter (American Edwards Laboratory) in- 
serted in the left carotid artery for calculation of 
extravascular lung water (EVLW) by the thermal-—dye 
technique, Mean arterial (MAP), pulmonary artery 
(PAP), and pulmonary capillary wedge (PCWP) pres- 
sures, extravascular lung water (EVLW), and cardiac 
output were measured; arterial and mixed venous blood 
was Sampled; and arteriovenous oxygen content differ- 
ence (Cla-v]05), Qsp/Qt, pulmonary (PVR) and sys- 
temic (SVR) vascular resistances, and oxygen delivery 
(DO) were calculated by standard formulae. After 
baseline measurements, a solution of 15% ethyl alco- 


Table. Comparison of Hemodynamic and Cardiovascular 


Effects of Aspiration in Dogs Pretreated With Nifedi- 
pine {N} or Vehicle Alore {V} 


Control After Infusion 


PaO, (mmHg) N 106 + 10 104 + 11 

v 109 + 31 83 + 6 
Osp/Ot (%) N 5+5 8+6 

v 7 + 12 16 + 6 
EVLW (ml/kg) N 10 + 3 8+ 2 

v 11 + 2 14 +1 
CI N 5.1 + 1 7.3 + 2* 

V4.9 + 0.7 5.1 + 0.2 
DO, (ml O5/min) N 650 + 300 940 + 490*ł 

Vv 550 + 180 510 + 40 
Cla-v)O, (m1/100 ml) XW 2.4 + 0.4 2.5 + 0.4 

y 2.9 + 0.3 2.5 + 0.1 
MAP (mmHg) N 118 + 12 52 + 17*ł 

7 111 + 20 100 + 10 
PAP (mmHg) N 16+ 8 19 9 

v 12 +3 17 +1 
PCWP (mmHg) N 6+ 4 8+ 3 

y 2+1 5 + 0.7 
SVR (dyne/sec/em->) N 2098 + 463 592 + 163*t 

v 2320 + 199 1972 + 198* 
PVR (dyne/sec/cm7>) N 184 + 48 130 + 59 

vV «237 + 54 249 + 46 





Values are means + SD. Abbreviations are de- 
fined in the text of the abstract. 


hol, 15% polyethylene glycol 400, and 60% distilled 
water by weight with (n = 5) or without (n = 5) 
250 meg/kg of nifedipine was infused through the 
right atrium over 2-3 min, Measurements were re- 
peated 10 min after the infusion. With animals in 
the head-up, left lateral decubitus position, 2 ml/kg 
of hydrochloric acid (pH = 1.8) was instilled into 
the endotracheal tube, which was repeated for the 
right lateral decubitus position (total aspirate: 4 
ml/kg). Data were recorded 10, 45, 90, and 180 min 
after aspiration. Results were statistically evalu- 
ated by paired t test and regression analysis, 

Results (Table). Before aspiration, nifedipine 
significantly decreased MAP and SVR (P < 0.05). Af- 
ter aspiration, SVR, PVR, and C(a-v)O, were signif- 
icantly less and cardiac index (CI) significantly 
greater in dogs infused with nifedipine than in those 
infused without it (P < 0.05). In the nifedipine 
group, PO, and CI remained significantly greater 
beginning 45 min after aspiration than either before 
infusion or without nifedipine after aspiration. 
Pulmonary artery pressures were significantly in- 
creased only at 45 and 90 min after aspiration only 
in the nifedipine group. 

Discussion. Nifedipine infusion before acid as- 
piration in this model had no direct affect on PAP, 
gas exchange, or EVLW; but the peripheral vasodilat~ 
ing effects of the drug appeared to significantly er- 
hance CI such that DO, is significantly higher than 
control values after 45 min. Thus nifedipine may im- 
prove DO, in the early postaspiration interval. 
The increase in CI with nifedipine may have been re~ 
sponsible for the increase in PAP at 45 and 90 min. 


Continuation of Table. 


After Aspiration (min) 





10 45 90 180 

47 + 7* 65 + 8*t 67 + 6*t 68 + 4* 

46 + 8* 54 + 4* 54 + 6* 58 + 11* 

68 + 5* 49 + 11* 49 + 9 43 + 17% 

56 + 13* 47 + 9* 51 + 11* 37 + 15* 

10 + 2t 10 + 4 11 + 2 13 + 2t 

19 + 8 18 + 6 19 + 8 23 + 9* 
6.2 + 1* 7.3 + 1*t 6.3 + 1*t 6.2 + 1*t 
4.5 +1 4.2 +1 4.2+1 4.0 +1 
590 + 170 910 + 220*t 820 + 250*+ 780 + 220*t 
350 + 190% 360 + 130 370 + 130 390 + 130 
1.9 + 0.3*t 1.8 + 0.6t 1.8 + 0.3*t 1.8 + 0.4*t 
3.2 + 0.8 32 + 0.8 2.7 + 0.5 4.1 + 1.7 

67 + 7* 79 + 18* 79 + 11% 92 + 7t 

84 + 16* 81 + 20 93 + 14 117 + 20 

16+ 5 20 + 7* 19 + 8* 19 + 7 

16 + 3 14 + 4 18 +9 15 + 6 

6+ 3 8+ 5 - 7 +3 6+ 3 

3 +1 241 4+4 2+ 2 
973 + 375*t 915 + 222*t 1104 + 26*t 1331 + 386*t 
2065 + 843 1988 + 695 2703 + 1071 3575 + 706* 
147 + 36t 149 + 20+ 171 + 35 184 + 32t 
288 + 15 298 + 81 419 + 277 = 404 + 187 

*P < 0.05 compared with control, 
tF < 0.05 compared with V at the same time, 


mr. 
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Introduction. Diltiazem is a calcium channel 
blocker used to treat variant and classic stable 
angina. In comparison to verapamil and nifedipine, 
diltiazem produces relatively less systemic 
vasodilatation and myocardial depression and greater 
depression of sinus node automaticity. Since 
diltiazem is available in a water soluble non-light 
sensitive form, its hemodynamic properties may be 
used to induce hypotension and treat hypertension 
during anesthesia.@ Previously, we have determined 
the hemodynamic effects of verapamil and nifedipine 
infusion during fentanyl anesthesia. The present 
study, therefore, allowed comparison with those 
observaticns whilst investigating the hemodynamic 
effects and, thus, potential use of diltiazem during 
fentanyl anesthesia. 


Methods. Six dogs (19.0-24.0kg) were 
anesthetized with sodium thiopental (20mg/kg), 
intubated and ventilated to normocapnia with a 
mixture of 50% N90/09. Fentanyl (100mcg/kg) and 
pancuronium (0.1 mg/kg were given followed by 
continuous infusion of fentanyl at 1.0 mcg/kg/min. 
Heart rate (ECG lead II), right atrial pressure 
(RAP), systolic (SBP), diastolic (DBP) and mean 
arterial pressure (MAP) and left ventricular 
dp/dt(LVdp/dt), via a Millar catheter, were 
continuously monitored. Passage of a 7FR pulmonary 
artery catheter via the femoral vein, provided 
pulmonary artery pressures, (PAPS,PAPD,MPAP) 
pulmonary capillary wedge pressure (PCWP) and 
cardiac output (CO) determination (duplicate 
measurements). Systemic vascular resistance index 
(SVRI), cardiac index (CI) and left ventricular 
stroke work index (LVSWI) were calculated. PR 
interval (P32) was calculated from the ECG 
(50mm/sec). Control measurements were taken after 
30 minutes of stable hemodynamic parameters, 
following instrumentation. Diltiazem HCL was 
dissolved in saline (2mg/m1) and 300 mcg/kg given 
as a bolus2 followed by continuous infusion at 30 
meg/kg/min (Dj), 60 meg/kg/min (D2) and 90 
meg/kg/min (D3). Each infusion period lasted 30 
minutes. Hemodynamic measurements were taken 2 
minutes after the bolus and subsequently at 5, 15 
and 30 minutes for each infusion. Calcium chloride 
(Ca), 20 mg/kg was given after D3, followed after a 
further 5 minutes by isoprenaline infusion. The 
results were expressed as mean + S.E.M. and 
evaluated by analysis of variance. P¢0.05 was 
considered significant. 


Results. Mean hemodynamic variables are shown 
in the Table. Diltiazem produced significant 
reductions in SVRI and MAP. Although SBP was 
relatively unaffected, DBP was significantly 
(P (0.05) reduced, LV dp/dt was only slightly 
decreased and CI significantly increased during each 
infusion. Other hemodynamic variables (RAP, MPAP, 
PCWP, LVSWI) were not significantly affected 
throughout the study. During D] and D? HR increased 


but fell below the control value (P¢ 0.05) during D3. 
PR interval was consistently prolonged, significantly 
during Do and D3. Five dogs developed P? block, 

three during D]. Four of these five dogs developed 
established 2° block (Type I and Type II), one 
during D], two during D, and one during D}. In 
addition two dogs had episodes of junctional rhythm. 
Ca had no effect on PR and actually decreased the 

HR. Although SBP was significantly (P¢ 0.05) 
improved, MAP was unaffected and SVRI was further 
decreased. Isoprenaline caused a significant 

(P (0.05) increase in HR. 


Discussion. Diltiazem produced significant 
hypotension as a result of profound systemic 
vasodilatation. Myocardial contractility (dp/dt) 
was only minimally affected and cardiac output was 
augmented due to the reduction in afterload. When 
diltiazem was infused in swine during halothane 
anesthesia, SVR was unaffected and BP was reduced by 
depression of myocardial contractility. Therefore, 
the mechanism of diltiazem-induced hypotension 
during fentanyl anesthesia is different and may be 
more acceptable if diltiazem is used to lower BP 
intraoperatively. However, although the chrono- 
tropic effects of diltiazem appear to be dose related, 
the effects on A-V conduction are unpredictable and 
may limit the use of the drug during anesthesia. 
Furthermore, Ca will not reverse the negative chrono+ 
tropic and dromotropic effects or the peripheral 
vasodilatation induced by diltiazem. Isoprenaline 
may be used to treat severe bradycardia should this 
occur. 

References. 
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TABLE 
MNAn areae re AAA aa aT A 
CONTROL 
ae a a 
RR (bpm) 109 26.1" 116 $ 11.7 1IL è 10,4 90 + 13.0% 
PR (mm) 0,12 + 0.9 0.19 + 0.02 0.21 + 0.02% 0.22 2 0.024 
MAP (mmHg } 105 2 7.3 Gl <4 4.9% 80 + 3,6% 74 t 2,5% 
SVRE 3249 z 257 {830 + 207% I * 
A teeny 399 2 208 ii38 $ 14ga 
SI 2.48 + 0.20 4.05 + 0.88% 67 t 
ian 4.67 $ 0.95% 4,93 + 0.894% 
dp/dt 1866 + 217 1800 + 282 17 t 7 
aces 50 + 268 1783 ż 175 
PCWP 11.5 + 0.70 12.8 + 1.13 14.3 + 0.86 15.1] + 1.10 
(omlig) : ai a cele oe 
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Introduction: The wide range of published induction 
doses for midazolam, 0.15 to 0.36 mg/kg (1,2), 
reflects the absence of quantitative dose-response 
data in the literature. In this study, we 
determined dose-response curves for abolition of the 
response to verbal commands, eyelash stimulation, 
and musculocutaneous pain in premedicated ASA PS III 
and IV patients. For comparison, we performed 
similar determinations with ketamine, another agent 
which is used to induce anesthesia in unstable 
patients. 


Methods; Fifty-seven male patients, ASA PS III and 
IV, consented to participate in this study which was 
approved by cur Institutional Review Boards. We 
excluded patients who used benzodiazepines or 
ethanol within five days of surgery, or who had 
coronary artery disease, hypertension or other 
contraindications to ketamine or midazolam. 
Patients took nothing by mouth for at léast 8 hours 
before induction of anesthesia. We gave morphine 
sulfate 0.1 mg/kg and glycopyrrolate 4 mcg/kg i.m. 
60415 min before induction of anesthesia. After 
recording baseline blood pressure (oscillotonometer) 
and heart rate (ECG), we administered a 
pre-determined i.v., dose of midazolam (0.15 to 0.35 
mg/kg) or ketamine (1.0 to 2.5 mg/kg) in a 
double-blind manner. At ten-second intervals, one 
investigator (J.B.G,) determined patients’ responses 
to the command “open your eyes," to brushing of the 
eyelash (lash reflex), and to squeezing of the 
trapezius muscle. We administered up to three 
additional doses of midazolam (0.05 mg/kg) or 
ketamine (0.5 mg/kg) at two-minute intervals until 
all responses were abolished. Immediately after 
induction of anesthesia, before administration of 
any other drugs, we recorded post~induction heart 
rate and blood pressure values. Subjects who 
remained responsive after three incremental doses of 
midazolam or ketamine received thiopental 1.5 mg/kg 
to complete induction. We determined the fraction 
of patients in whom each response was abolished 
after a given cumulative dose of midazolam (0.15 
through 0.45 mg/kg) or ketamine (1.0 through 2.5 
mg/kg), and used weighted least-squares analysis of 
log-dose vs. probit curves for each response (3) to 
determine ED50 and ED95 values (with 95% confidence 
limits) for abolition of each response by each drug. 
Two-way analysis of variance determined the 
significance of heart rate, systolic and diastolic 
blood pressure changes accompanying induction of 
anesthesia with each agent (patients requiring 
supplemental thiopental were excuded from this part 
of the analysis). P < 0.05 indicated statistical 
significance. 


Results: For midazolam, ED50's for abolition of 
response to verbal commands, eyelash reflex, and 
trapezius squeeze were 0.19, 0.24, and 0.36 mg/kg, 
respectively; corresponding ED95's were 0.35, 0.43, 
and 1.04 mg/kg (figure 1). For ketamine, ED50's 
for verbal commands, eyelash reflex, and trapezius 


squeeze were 0.9, 1.3, and 1.3 mg/kg; corresponding 
ED95's were 1.6, 2.3, and 4.3 mg/kg (figure 2). 
Midazolam induction (N=23) decreased systolic blood 
pressure from 138 to 128 mmHg (P<0.005); diastolic 
blood pressure remained unchanged at 71 mmHg, and 
heart rate increased insignificantly from 85 to 88 
BPM. Ketamine induction (N=26) significantly 
increased systolic blood pressure (141 to 164 mmg, 
P<0.005), diastolic blood pressure (71 to 88 mmig, 
P<0.005), and heart rate (84 to 102 BPM, P<0.005). 


Discussion: The ED50 values for abolition of 
responses by midazolam (0.19 to 0.36 mg/kg) are 
similar to the induction doses reported previously 
(1,2). By definition, however, ED50 abolishes a 
given response in only half of the population; ED95 
(0.35-1.04 mg/kg for midazolam) more realistically 
estimates a reliable induction dose. Our ED95's of 
1.6 to 4.3 mg/kg for ketamine are similar to 
previously reported induction doses for ASA III and 
IV patients (4), confirming the validity of our 
analysis. The 10 mmHg decrease in systolic blood 
pressure with midazolam induction is statistically 
but not clinically significant. In contrst, the 23 
and 17 mmHg increases in systolic and diastolic 
blood pressures along with the 18 BPM increase in 
heart rate following ketamine induction could 
significantly increase myocardial oxygen demand in 
patients with coronary artery disease. We conclude 
that the induction dose of midazolam in premedicated 
ASA III and IV patients is between 0.35 and 1.04 
mg/kg (depending on the response assessed), and that 
midazolam induction provides excellent hemodynamic 
stability in these patients. 


References: l. Lebowitz PW et al. Can Anaesth Soc 
J 1983;30:19-23. 2. Berggren L, Eriksscn I. Acta 
Anaesth Scand 1981;25:492-496. 3. Lieberman HR. 
Drug Chem Toxicol 19833;6:111-116. 4. Nettles DC et 
al. Anesth Analg 1973;52:59-64. 
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Introduction. During d-tubocurare neuromuscular 
blockade, monitoring with train of four (TOF) stim- 
ulation has demonstrated loss of the fourth (T4), 
third (T3), and second (T2) responses with 75, 80, 
and 90% disappearance of control responses respect- 
ively. The purposes of this study are: (1) to eval- 
uate TOF monitoring under clinical conditions for 
all currently available non-depolarizing muscle re- 
laxants and (2) to compare responses of a small, 
hand-held, commercially available nerve stimulator to 
the standard laboratory equipment. 

Methods. 25 healthy patients undergoing elective 
surgical procedures were randomly assigned into 5 
study groups to receive d-tubocurare (dTc), pancur~ 
onium (P), dimethyltubocurare (M), gallamine (G), or 
atracurium (A). The study was approved by the in- 
stitutional committee on human experimentation. Anes- 
thesia was induced in unpremedicated patients with 
thiopental, 4-6 mg/kg, and continued by inhalation of 
halothane in nitrous oxide and oxygen (40%). Ventil- 
ation was maintained at a constant level. After in- 
duction, the inspired concentration of halothane was 
maintained at 1.5%. Force of thumb adduction in 
response to supramaximal ulnar nerve stimulaticn was 
monitored in both hands; one side utilized a Grass $88 
stimulator (Gr) in conjunction with a Grass FIT-10 
force transducer and recorder; the other side util- 
ized the hand-held "MiniStim" model MS-1 (MS) while 
manually feeling thumb adduction. Under stable 
conditions, 1 of the 5 muscle relaxants was adminis- 
tered in divided doses to produce gradual paralysis. 
Neuromuscular blockade was continuously monitored at 
0.15 Hz with Gr and intermittently TOF was applied 
after 10 seconds of silence with both units. Once 
90-95% paralysis was achieved, spontaneous recovery 
was. observed. Per cent paralysis was defined as the 
ratio of diminution of single twitch responses at 
0.15 Hz:to control. The response to TOF stimulation 
was considered absent when it was still visible but 
diminished 98-99% on the recorder. The data was 
analyzed by Analysis of Variance and the Newman- 
Keuls Test. 

Results. The relationship of paralysis to loss 
of individual TOF responses during onset was similar 
for dTc, P, and M and agreed with a previous study 
except that T4 and T3 disappeared simultaneously in 
28% of patients. With A, there was greater, and with 
G, less paralysis associated with loss of TOF res- 
ponses. During recovery, there was less paralysis 
(644%) associated with return of TOF response for all 
drugs except.M (-1+2%) where TOF responses returned 
during greater paralysis (p¢ .05). Responses to MS 
were somewhat subjective. Often, the TOF responses 
were not absent, so much as greatly reduced. Ir 80% 
of cases TOF responses with MS were less than Gr 
during onset and, in 64% of cases, greater than. Gr 
during recovery. The difference usually consisted of 
1-2 responses. 
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Table l Onset Paralysis vs TOF 
% paralysis with loss of 


T4 ,T3 T2 


A 86t4% 88t3%% 93+2¢ 
P 82t4 834 91242 
dTe 7944 8422 9041 
M 7644 7822 88t1 
. G 7245 804 8742 








Mean +SD *AfsP=dTc= M#G (p 4.05) 
ž*žAžothers (p< .05), t Afothers, G#P=dTc (pd .05) 


Table 2 Recovery Paralysis vs TOF 
& paralysis with return of 


T4 T3 T2 


A 7625 81242 8824 
F 7628 7947 8645 
dTe 7428 76t11 ©8644 
M 7725 812 8741 
G 6745 81+2 8133 








Onset Recovery 

(+) (0) (~) (+) (0) (-) 
A 1 0 4 3 1 i 
P 1 0 4 4 1 0 
dTc 0 1 4 2 1l 2 
M 0 1i 4 2 3 #90 
G 0 1 4 5 0 0 

(+) =greater (0)=same (~)=less 


Discussion. TOF monitoring must be individualized 
to the non~depolarizing muscle relaxant used. Quanti- 
tatively, loss of responses with A occur at greater 
paralysis during onset than other relaxants. During 
recovery, return of TOF responses occur with less 
paralysis for all drugs except M. A comparison of 
one hand-held nerve stimulator shows a rough cor- 
relation with standard laboratory techniques except 
for a tendency to underestimate paralysis during 
onset and overestimate paralysis during recovery. 

References. 

1, Lee CM: Train of four quantitation of competitive 
neuromuscular block. Anesth Analg 1975; 54:649 

2. Donlon JV, Ali HH, Savarese JJ: A new approach to 
the study of four nondepolarizing relaxants in man; 
Anesth Analg 1974; 53:934. 
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Introduction. Recently it was demonstrated that 
adequate spontaneous ventilation occurred shortly af- 
ter tetanic and twitch responses first returned fol- 
lowing paralysis produced by 0.3 mg/kg of atracurium. 
In the older literature, the other non-depolarizing 
muscle relaxants have been associated with adequate 
tidal volyme after recovery to 25% of control twitch 
response, The purpose of this study is to evaluate 
the onset of and recovery from inadequate spontan- 
eous ventilation (SV) during neuromuscular blockade 
from atracurium compared to the other non-depolar- 
izing muscle relaxants available for clinical use in 
the United States. 


Methods. 25 healthy patients undergoing elec- 
tive surgical procedures were randomly assigned into 
5 study groups to receive either atracurium (A), 
d-tubocurare (dTc), dimethyltubocurare (M), pancuron- 
ium (P), or gallamine (G). The study protocol was ap- 
proved by the institutional committee on human exper- 
imentation. Anesthesia was induced in unpremedicated 
patients with thiopental, 4-6 mg/kg, and continued 
by inhalation of halothane in a nitrous oxide and 
oxygen (40%) during SV via a well fitted mask. After 
induction, the inspired concentration of halothane 
was maintained at 1.5%. Force of thumb adduction in 
response to supramaximal ulnar nerve stimulation was 
monitored utilizing a Grass $88 stimulator at 0.15 Hz 
in conjunction with a Grass FT-10 force transducer 
with recorder. Periodically stimulation was inter- 
rupted for 10 seconds and then a train of four (TOF) 
stimuli at 2 hz was delivered before resuming single 
stimulations at 0.15 Hz. The muscle relaxants were 
administered in divided doses to produce gradual par- 
alysis,” Respiration was monitored by auscultation 
with a stethoscope and observation of the excursion 
of a 2 liter anesthesia bag attached to a circle 
breathing circuit. When tidal volume was judged in- 
adequate by the investigator, controlled ventilation 
was initiated. Periodically during recovery from 
paralysis, the adequacy of SV was assessed. Eventu- 
ally ventilation was allowed to continue unassisted 
when the previously adequate level returned. Per cent 
paralysis was defined as the ratio of the diminution 
of single responses at 0.15 Hz to control. The re- 
sponse to TOF stimulation was considered absent when 
it was diminished 98-99% on the recorder. The data 
was analyzed by Analysis of Variance and the Newman- 
Keuls Test. 


Results. Spontaneous ventilation became inade- 
quate with less paralysis of the thumb adductors with 
A compared to the other non-depolarizing relaxants. 
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Two patients receiving A stopped SV with as little as 
23% and 29% thumb paralysis. Similarly, fade of T4 
during TOF was less depressed with loss of SV from 
atracurium compared to the other drugs. During spon- 
taneous recovery from paralysis, adequate SV occurred 
at a similar extent of thumb adductor paralysis in 
all groups averaging 804+5% for all patients. The 
variability of response was such that one patient had 
adequate ventilation with 89% thumb paralysis and 
another with only 69%. TOF responses during spon- 
taneous recovery were variable when adequate SV 
returned ranging from Tl to T4 but 52% of all patients 
had a T2 response. The difference between thumb 
paralysis with loss and recovery of SV (ÔR) was 
greater for atracurium than the other drugs. 





Table 1 
Onset CV Recovery SV OR 

A 38411" 534.16 8149 43213" 

G 5717 ~19+.07 80+5 23+7 

M 6445 <172,06 7924 1523 

P 6628 ~ 34+ .10 7945 1327 

dTc 70+8 «284.09 8324 1024 

~ meantSD èë “Azothers (p< .01) => 7 


Discussion. After administration of atracurium, SV 
becomes inadequate sooner and with less paralysis of 
the thumb adductors compared to dTe, M, G, and P. The 
mechanism is unknown but may include CNS or diaphragm 
receptor sites. Clinical implications include the 
following. (1) Disappearance of SV may be an in- 
adequate sign for good intubating conditions with 
atracurium. (2) Atracurium may be desirable in a 
technique employing a non-depolarizing muscle rel- 
axant where rapid control of ventilation is desir- 
able. 


References. 
l. Hackett GH, Hughes R, Payne JP: Recovery of res- 
piration on following neuromuscular blockade by 
atracurium. Br J. Anaesth 1983; 55:911P 
2. Ali HH, Savarese JJ: Monitoring of neuromuscular 
function. Anesthesiology 1976; 45:216 
3. Donlon JV, Ali HH, Savarese JJ: A new approach to 
the study of four nondepolarizing relaxants in man. 
Anesth Analg 1974; 53:934. 
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INTRODUCTION: Prazosin, a selective ay adrenergic 
antagonist, raises the dose of epinephrine required 
to induce arrhythmias in dogs anesthetized with halo- 
thane (1). Because only a supra-maximal a, adreno- 
ceptor blocking dose of prazosin was used, we could 
not exclude the possibility that a non-specific dose- 
independent mechanism, rather than a, blockade, was 
responsible for its anti-arrhythmic effect. Droper~ 
idol is a parenteral ay blocking agent which, like 
prazosin, possesses anti~arrhythmic properties (2). 
We hypothesize that droperidol’s anti~arrhythmic 
effect is due to its a blocking properties, and that 
as dose-dependent ay blockade increases, so will 

its anti~arrhythmic activity. 


METHODS: Anesthesia was induced and maintained in 
seven unpremedicated dogs with halothane 1.5% in oxy- 
gen. Dogs were intubated without muscle relaxants 
and ventilated to achieve normocarbia. Arterial 
pressure was continuously monitored by a femoral 
catheter. Five percent dextrose in 0.2% NaCl with 

89 mEq/L of NaHCO, was infused through a foreleg 

vein at 4 ml/kg/hr® After achieving a steady-state 
for 45 min phenylephrine, a selective a; agonist, was 
infused at various concentrations and the arterial 
pressure recorded. The dose of phenylephrine causing 
a 25 mm Hg increase in mean arterial pressure (ED, 5) 
was derived by polynomial regression analysis of the 
semi-logarithmic dose-response curve and was used as 
a measure of a, adrenergic responsiveness. Using 
known shacmacoe ideri parameters, droperidol infu- 
sion regimens were calculated to produce steady- 
state plasma concentrations of 50, 150, and 

500 ng/ml. The ED., was then redetermined at each of 
these plasma concentrations of droperidol and was 
used as a measure of ay) adrenergic blockade. 

In a second set of experiments, dogs (n=7) were 
anesthetized and monitored as described above and the 
arrhythmogenic dose of epinephrine (ADE) determined. 
The ADE was defined as that dose of epinephrine 
(ug/kg/min) required to produce 4 or more ven- 
tricular ectopic beats within 15 seconds. Epineph- 
rine doses were logarithmically increased after ten 
minute recovery periods until an arrhythmia was pro- 
duced and the ADE thereby established. The ADE was 
then redetermined at each of the steady~state plasma 
concentrations of droperidol and was used to quanti- 
tate the anti~arrhythmic action of this drug. 

The changes in both the EDs and ADE at each of 
the droperidol concentrations (0, 50, 150, and 
500 ng/ml) were compared by analysis of variance for 
repeated measures followed by pairwise comparisons of 
successive values using the paired t-test with a 
Bonferroni correction for multiple comparisons. 


RESULTS: The ED,. significantly increased with the 
rise in droperidol concentration (figure 1). There 
was a similar significant rise in the ADE over the 
same range of droperidol concentrations (figure 2). 
At each successive concentration of droperidol, the 
ED,<5 and the ADE was significantly greater than the 
previous value (p < 0.05). 

The correlation between the ED 5 (a) blockade) 
and ADE (anti~-arrhythmic effect) ETRE 3) was 
highly significant (p < 0.001) demonstrating 


proportional changes in these parameters as the dro~ 
peridol conceatration increased. 


DISCUSSION: These data demonstrate that the anti- 


arrhythmic effect of droperidol may be a direct 


result of its a, adrenoceptor antagonist action. 
Droperidol may therefore be an appropriate agent in 
the treatment of epinephrine-induced arrhythmias 
under halothane anesanesthesia. Furthermore, paren- 
teral a, adrenergic antagonists may become useful 
agents in the treatment of catecholamine-induced 
arrhythmias in other clinical settings. 


REFERENCES; 


l. Maze M, Smith CM. Identification of receptor 
mechanism mediating epinephrine~induced arrhyth- 
mias during halothane annesthesia in the dog. 
Anesthesiology 1983; 59:322-326. 

2. Bertolo L, Novakovic L, Penna M., Antiarrhyth- 
mic effects of droperidol. Anesthesiology 
1972; 37:529-535. 
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responsiveness in nalothene {1.5%} induced arrhythmias in halothane (1.5%) 
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Introduction. Induction of anesthesia with high dose 
fentanyl is a recognized technique for cardiac patients. 
Recently there have been reports of intraoperative 
awareness following fentanyl 72 ug/kg (1) and 90 ug/kg (2). 
It is not unusual to add an amnesic to anesthetic agents, 
but Stanley (3) has shown that diazepam 10 mg 
administered as an adjunct to fentanyl caused a decrease in 
stroke volume (S.V.), cardiac output (C.O.), blood pressure 
and systemic vascular resistance (S.V.R.), during anesthesia 
for mitral valve replacement. In addition Roach (4) 
reported a significant drop in mean arterial pressure 
(M.A.P.) when diazepam 0.25 mg/kg was administered prior 
to fentanyl anesthesia for coronary artery bypass grafting 
(C.A.B.G.). In view of these reports we designed the 
following study to investigate the hemodynamic effects of 
the recognized amnesic, lorazepam, during fentanyl/- 
oxygen anesthesia in patients undergoing C.A.B.G. 


Methods. Twenty patients giving informed consent to 
the institutionally approved protocol were studied, All 
patients were premedicated with morphine 0.15 mg/kg and 
scopolamine .004 mg/kg. Prior to induction of anesthesia 
two peripheral I.V. lines were placed, a radial, artery 
cannulated and a Swan-Ganz catheter floated into the 
pulmonary artery. The study was conducted in a double 
blind fashion. All patients received fentanyl 50 u g/kg and 
a simultaneous infusion of pancuronium 0.036 mg/kg plus 
metocurrine 0.144 mg/kg administered over ten minutes. 
Patients then received either saline 4 mls {Group A) or 
lorazepam .05 mg/kg (Group B) infused I.V. over five 
minutes. 

The trachea was then intubated and the surgical 
preparation commenced. Hemodynamic measurements 
were made prior to induction (c); after fentanyl 50 Uq/kg 
(1); after the test drug (2); after intubation (3); just prior to 
(4); and after skin incision (5); and after sternotomy (6). 
Measured parameters included heart rate (H.R.), systolic, 
mean and diastolic arterial and mean pulmonary artery 
pressures, pulmonary capillary wedge pressure (P.C.W.P.), 
right atrial pressure, and cardiac output (C.O.). The 
following indices were computed: cardiac index (C.I.), rate 
pressure product (R.P.P.), and S.V.R. Data were analyzed 
using Student's paired t test, measurements after fentanyl 
were compared with subsequent measurements. 

To detect differences between the groups a Student's 
two sample t test was utilized. 


Results. Those patient's who received lorazepam 
showed a significant decrease in M.A.P. before and after 
skin incision. H.R. decreased in Group A before skin 
incision and in Group B before skin incision and after 
sternotomy. C.I. and S.V.R. showed similar changes in 
each group. C.I. decreased before and after skin incision 
and after sternotomy. In the saline group R.P.P. decreased 
before skin incision and decreased before skin incision and 
after sternotomy in those who received lorazepam. There 
was no significant difference in P.C.W.P. 

The only difference between the groups was in M.A.P. 
prior to skin incision. 


Discussion. Awareness ig an uncommon, undesirable 
and often unexpected complication of anesthesia. 
Diazepam has a short duration of action as regards amnesia 
but produces sustained decreases in hemodynamic values 
when used as an adjunct to fentanyl anesthesia. 
Lorazepam is a long acting amnesic which produced similar 
hemodynamic changes to those of saline except for an 
unsustained decrease in M.A.P. We therefore, conclude 
that lorazepam is a useful adjunct to fentanyl/oxygen 
anesthesia. 


References, 
1. Hilgenberg JC: Intraoperative awareness during high- 
dose fentanyl-oxygen anesthesia. Anesthesiology 1981; 
54:341-344, 
2. Mummaneni N: Awareness and recall with high-dose 
fentanyl-oxygen anesthesia. Anesth Analg (Cleve) 1980; 
59:948-949, 
3. Stanley TH, Webster LR: Anesthetic requirements and 
cardiovascular effects of fentanyl-oxygen and fentanyl- 
diazepam-oxygen anesthesia and man. Anesth Analg 
1978;57:413-416. 
4, Roach G: Hemodynamic responses to fentanyl or 
diazepam-fentanyl anesthesia in patients on chronic 
nifedipine therapy. ~ Society of Cardiovascular 
Anesthesiologists 6th Annual Meeting 94-95. 
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98(12) 92(14) 89(11) 90(10) +84(8) 91(16) 96(15) 
MAP 


90(13) 87(8) 82(12) 83(13) 75(8) 81(7) 89(8) 


HR . 
55/7) 62(7) 61(6) 63(8) 57(5) 68(8) -55(7) 


A 
B 
A 58(11) 63(13) 63(14) 65(13) 58(11) 80(12) 63(13) 
B 
og A M8 RTT 2446) 2.565) 2 0(.6) 2.1(.4) 2.10.5) 
B 


2.50.4) 2.70.8) 2.56.7) 2.5(.8) 2.204) 2.00.3) 2.164) 


a 8353 8520 8520 8595 7295" 8291 8837 
(1990) (2367) (2264) (1838) (1862) (2099) (1926) 

RPP ' i 
g 7986 8417 7706 7732 6440 7179 7219 
(1423) (1813) (1340) (1377) (996) (1257) 1565) 


a 1446 1304 1439 1382 1560 1610 1736" 
(333) (341) (403) (176) (304) (327) (233) 

SVR 
g 1438 1307 1319 1341 1314 1564 1622 
(318) (340) (383) (460) (399) (530) (399) 


* p< .05 as compared to 1 
+ p< .05 between the groups 
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Introduction. Afterload reduction with vaso- between N and P groups; however, at 5' and 15' post- 


dilators has been used to improve cardiac output in 
coronary artery bypass graft (CABG) patients.] A 
previous report showed that in the absence of vaso- 
dilators, afterload increased after cardiopulmonary 
bypass (CPB) under fentanyl-diazepam anesthesia.2 
The present 2D echocardiographic (2DE) study of CABG 
patients looked at post-CPB cardiac performance under 
anesthesia with and without sodium nitroprusside 
infusion. 2DE allows assessment of left ventricular 
(LV) mechanics not accessible by standard monitoring 
techniques. 

Methods. After institutional approval and 
informed consent were obtained, 12 patients with LV 
ejection fraction (EF)> 50% undergoing CABG were 
randomized into two equal groups, nitroprusside (N) 
and placebo {P). A radial artery or aortic root 
catheter was used to follow mean arterial pressure 
and systolic arterial pressure (SAP). Pulmonary 
capillary wedge pressure (PCWP), cardiac output, and 
central venous pressure were measured using a pulmon- 
ary artery catheter. 2DE data were acquired by 
placing a 5 MHz transducer directly on the heart 
and recording the short axis area (SA) at the papil- 
lary muscle level of the LV. Pre-CPB data were 
recorded immediately after pericardiotomy. During 
CPB all patients were cooled to a core~temperature 
of 28°C. Beginning with rewarming, an infusion of 
either nitroprusside or placebo was started by a 
"blinded" investigator and continued for 15 minutes 
after termination of CPB. Data were recorded at 5', 
10‘ and 15' post-CPB. Derived 2DE parameters were 
end~systolic and end-diastolic area computed from 
the average of four sequential heart beats. Areas 
were converted to volumes (V) by the relation 
v=(SA)2/3- (454+SA)/(15+SA) and the volumes were used 
to calculate LV end-systolic volume index (ESVI}, LV 
end-diastolic volume index (EDVI) and EF. Ventricu- 
lar compliance and contractility were estimated from 
the relationship between PCWP and EDVI and the rela- 
tionship between SAP and ESVI, respectively. 
Unpaired T-tests and linear regression were used in 
data analysis with P < .05 being statistically 
significant. 

Results. Mean EDVI to ESVI values were not 
statistically different between N and P groups at 
any time. Before CPB the mean EF did not differ 
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CPB mean EF values were highter in the N compared to 
the P group. PCWP correlated significantly with EDVI 
in the P group (r=.67), but not in the N group 
(r=.24, Fig.l). EF showed significant negative 
correlation with resistance (SVR) in the N group 
(r=.67), but not in the P group (r=.24). The linear 
regressions of SAP on ESVI for individual patients 
had a mean slope value of 17.04+4.1 in the N group, 
significantly higher than the corresponding value of 
6.4+1.3 in the P group (mean + SEM)(P ¢.02, average 
value of r was .77), (Fig.2). 

Discussion. Patients receiving nitroprusside 
at the end of CPB had higher EF than patients 
receiving placebo drug. This increase in EF may be 
explained in part by decreased afterloading as 
indicated by the significant negative correlation 
between EF and SVR. However, it may also be due to 
increased LV compliance and/or contractility. 
Increased LV compliance is suggested by failure of 
PCWP to increase with increasing EDVI in patients 
receiving nitroprusside, in contrast to placebo 
patients whose PCWP increased with EDVI. Increased 
LV contractility is suggested by the markedly 
steeper slope of the SAP-ESVI relationship in the N 
group compared to P group.2 In summary, CABG ` 
patients with good LV function appear to have greater 
LV ejection fraction, LV compliance and LV contrac- 
tility with nitroprusside administration post—CPB. 
We conclude that nitroprusside administration post- 
CPB during CABG under fentanyl~diazepam anesthesia 
may improve left ventricular performance. 


References. 
ls Kaplan JA(Ed.) Cardiac Anesthesia, Vol. 2, 
Cardiovascular Pharmacology, New York, Grune and 
Stratton, 1983. 
2. Thys D, Hillel Z, Mindich B, Goldman M, Kaplan 
JA: Effects of afterload reduction on systemic 
hemodynamics following cardiopulmonary bypass for 
CABG. Society ot Cardiovascular Anesthesiologists, 
6th Annual Meeting, 1984, p. 254. 
3. Mehmel HC, Stockins B, Ruffman K, v.Olhausen K, 
Schuler G, Kubler W: The linearity of the end-sys- 
tolic pressure-volume relationship in man and its 
sensitivity for assessment of left ventricular func- 
tion. Circulation 1981; 63:1216-22. 
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Introduction. The right ventricle has been 
identified as a target site for cardiac 
decompensation following protamine infusion. While 
many studies suggest a predominant vasodilator 
action, a recent report implies a primary increase 
in pulmonary vasoconstriction (following protamine) 
leading to RV failure (1,2). To determine if 
changes in RV performance occur on episodic or a 
reproducible basis, we evaluated both right and 
left ventricular function in patients receiving 
protamine infusion. 


Methods. Utilizing a protocol approved by the 
Human Investigation Committee, twenty (N=20) 
patients (mean age 64 + 1.1 SEM) scheduled to 
undergo CABG (N=11), valve replacement (N=7) and 
combined valve and CABG (N=2) were evaluated. 
Following premedication with morphine (0.1 mg/kg) 
and scopolamine (0.4 gm), intravascular catheters 
were placed percutaneously under local anesthesia. 
Induction was performed with fentanyl] (50 mg/kg), 
and pancuronium (0.1 mg/kg) was utilized for muscle 
relaxation. Ventilation was maintained using.an 
F102 = 1.0. Hemodynamic measurements were 
recorded at end exhalation for the following 
events: pre-protamine infusion, 1/2 total 
protamine infusion, completion of protamine 
infusion and sternal closure. Measured variables 
included: right ventricular ejection fraction 
(RVEF), heart rate (HR), blood pressure (P), right 
ventricular pressure (RVEDP), pulmonary artery 
pressure (PAP), pulmonary capillary wedge pressure 
(PCWP), and cardiac output. Protamine dose was 
calculated to reverse residual heparin as measured 
by the activated clotting time (ACT) (mean dose 504 
mg + 5.3 SEM). Duration of protamine infusion was 
also recorded (mean 18.5 min + 1.4 SEM). Data are 
expressed as mean+ SEM. Statistical evaluation 
was performed by one way analysis of variance, 

p < 0.05 was considered significant. 


Results. (Table). There were no significant 
changes from contro] (pre-protamine) values in CI, 
BP, RVEDP, PVRI or SVRI during or after protamine 
administration. No statistically significant 
differences could be found in the cardiovascular 
response to protamine within high risk subsets of 
our patient population. 


Table 
(N = 20) 
Mean + SEM 
Pre-sternal 


Pre-Prot __1/2 Prot Total Prot Closure 


RVEF 3541.3 35+1.1 3541.1 35+1.3 
RVEDP 770.8 840.8 740.8 8F0.8 
HR 8773.4 8542.8 8543.1 8543.0 
BP 793.2 8142.8 822.9 8873.2 
PAP 23F1.7 231.7 2371.8 2342.1 
PCWP 1471.2 1471.3 1441.3 1441.1 
CI 3.54.1 3.44.2 3.44.1 3.54.1 

PYRI 2.61.1 2.841.3 2.941.3 2.741 .2 
SVRI 201.2 2241.4 241.2 23F1.4 





RVEF(%) = right ventricular ejection fraction; 
RVEDP = right ventricular end diastolic pressure 
(mmHg); HR = heart rate (beats/min); MBP = mean 
blood pressure (mmHg); PAP = mean pulmonary artery 
pressure {mmHg ) ; CI = cardiac index 

(Leminen é); SVRI = systemic vascular 
ee index (RU-nr2); PVRI = pulmonary 
vascular resistance (RU-nm2) 


Discussion. Our data suggests that protamine 
does not exert a significant effect on right 
ventricular function on a consistent basis. The 
episodic RV failure previously reported following 
protamine may be hypothesized to occur on the basis 
of anaphylaxis or activation of the complement 
cascade. Precise measurement of right ventricular 
performance during and following protamine infusion 
failed to reveal any predictable deterioration in 
right ventricular function in a group of high risk 
patients. In conclusion, right ventricular failure 
is not a reproducible sequela following protamine 
administration. 
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Introduction. Recently, investigators have been 
advocating the use of enflurane over halothane 
anesthesia in children because of a greater stability 
in cardiac rhythm.” The biotransformation of 
enflurane anesthesia has been clearly shown to induce 
inorganic fluoride nephrotoxicity. Mazze has 
suggested a nephrotoxic threshold between 21 to 33 
uM/L. 

It is unknown to what extent serum inorganic 
fluoride is elevated after enflurane anesthesia in 
children. Since renal maturation is not complete in 
children until one year of age, this population cf 
patients could be ata higher risk for inorganic 
fluoride nephrotoxicity.” This study defines serum 
inorganic fluoride levels after enflurane anesthesié 
in children over one year of age. 

Method. Eight male children age 1~9 years (mean 
5 years) were studied after obtaining informed 
consent and approval by our Committee for the Pro- 
tection of Human Subjects. All children were 
healthy, ASAl patients who had no recent anesthetic 
experience. 

Anesthesia was induced with either rectal 
methohexital (25 mg/Kg) or intravenous pentothal 
(4 mg/Kg) and a 70% N,0/30% 0, mixture. Baseline 
serum Fl- levels were drawn. “Once anesthetized all 
patients were given succinylcholine for intubation 
and allowed to breath spontaneously. An indwelling 
heparinized venous catheter was inserted. 

Blood was samples at 1, 3 and 6 hours after the 
discontinuation of enflurane anesthesia. Serum 
samples for fluoride were frozen (-70 C) until 
analyzed and then measured together (Orion model 94- 
09 Fluoride Electrode}. 

Results. Serum inorganic fluoride levels at 0, 
l, 3 and 6 hours post-enflurane are found in Table i. 
The peak Fl- levels occurred at l hours post- 
enflurane with a mean of 10.5 uM/L (range 6.85-14.5 
uM/L Figure 1). There did seemto be a relationship 
between age and peak serum Fl- levels such that the 
younger the child the higher the peak Fl- level. 
Discussion. There are several observations to be 
made in this study. First the peak serum Fl- level 
occurred earlier in children than in the adult (at 
l hr. vs 3-4 hrs.). In addition the mean peak Fl- 
level was lower than that value previously described 
for adults (10.5 uM/L vs 17 uM/L). The earlier and 
lower peak serum Fl- level may be explainable 
because of slower enflurane metabolism, increased 
renal clearance of Fl-, greater Fl- deposition in 
bone or a more rapid enflurane elimination at the 
conclusion of anesthesia. When investigators looked 
at the biotransformation of halothane in children 
they also found earlier and smaller peak serum 
bromide levels as compared to the adult also suggest- 
ing less biotransformation. 

The apparent relationship between age and peak 
serum Fl- levels is more difficult to explain. If 
one assumes that the younger a child the more unable 
they are to biotransform an inhaltional agent one 
would expect opposite findings (i.e. lower peak serum 
Fl- levels in the younger child. The higher peak 
serum Fl- levels in the younger child suggests 
another factor other than biotransformation. We know 


that the younger a child the smaller their muscle and 
fat groups. With anesthetic administration times 

of 1.5-2.5 hours it may be that the smaller muscle 
group in the younger child reduces the volume of 
distribution of the anesthetic resulting in an over- 
all higher peak serum Fl- level in these younger 
patients. 

We can certainly conclude that in children 1-9 
years of age, serum Fl- levels after enflurane 
anesthesia are below the adult nephrotoxic range of 
20-30 uM/L. 















TABLE 1 SERUM Fl- (uM/L) 
Age (yrs.) 0 l hr 3 hr 6 hr 
1 2.35 14.5 5.5 4.5 
2 2.1 13.0 4.5 2.5 
3 2.0 14.0 12.0 4.4 
5 1.6 10.5 6.0 3.0 
6 1.8 8.5 3.5 2.3 
7 133 6.85 5.5 4.0 
8 1.15 12.0 4.0 3.5 
9 1.3 4.4 3.55 2.5 
FIGURE 1l 
Serum Fl- post- 
enflurane in : =s EE 
children i ea 
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Introduction. Atracurium, a new nondepolari- 
zing muscle relaxant, spontaneously decomposes 
(Hofmann elimination) and is metabolized by non- 
specific esterases. An end-product of both these 
pathways is laudanosine, a monoquarternary amine 
that is renally excreted. Laudanosine has been 
associated with seizure-like activity in dogs at 
high doses (10-12 mg/kg) (1). lLaudanosine is detec- 
table in the plasma of patients following atracurium 
bolus injection and/or infusion. There are concerns 
whether laudanosine accumilation and toxicity may 
occur in the anephric patient following atracurium 
bolus and/or infusion. 


Methods. Six healty cats of either sex 
weighing between 2.0 and 2.6 kg were studied. Anes- 
thesia was induced with IV thiopental (25 mg/kg), 
the cat was intubated, and anesthesia maintained 
with halothane (0.5 to 1.2%) in air. Pancuronium 
(0.1 mg/kg) or gallamine (4 mg/kg) was used to 
facilitate surgical preparation and mechanical 
ventilation. PaCO2 was maintained between 35-40 
torr. A femoral arterial catheter was inserted and 
the ureters ligated. Scalp leads or screws in the 
boney skull (using an analogous 10-20 configuration) 
provided input for four EEG channels and spectral 
analysis. Arterial pressure, EKG (lead I), and 
right hemisphere EEG were continuously displayed and 
recorded on a multichannel recorder. EEG data for 
spectral analysis were collected and amplified with 
a Grass Model 12 neurodata system with appropriate 
filters. Data were collected during 2 second epochs 
with 30 second interepoch intervals, 5 epochs per 
group. Raw EEG data were stored in a computer file. 
Power spectra of all four channels were calculated 
and displayed on-line. 


Following control measurements, laudanosine (2 
mg/kg) was administered. Five minutes following the 
bolus an infusion of laudanosine at 15 ug/kg/min was 
instituted. At successive 30 minute intervals the 
infusion rate was increased to 30, 60 and 120 
ug/kg/min, respectively. Following the 120 
ug/kg/min period laudanosine was infused at the 
maximum rate of the infusion pump (99 mi/hr) for an 
additional 30 min or until the infusate was 
expended. These flow rates varied between 1030-1360 
yue/kg/min.e Continuous physiologic measurements were 
recorded during the control period and throughout 
the infusion protocol. EEG/power spectra were 
collected at baseline and every 15 minutes during 
the infusion protocol. Blood and CSF were collected 
at the end of the experiment. Laudanosine plasma 
and CSF concentrations were measured with a sensi-~ 
tive, specific HPLC assay. 


Results. Laudanosine plasma concentrations 5 
minutes post-bolus were 3.1 ug/ml + 0.5 SEM with a 
decrease in concentration during the first 30 
minutes of infusion. Thereafter there was a 
progressive increase over the remaining infusion 
periods (Table). All cats demonstrated transient 
ventricular arrhythmias and a decrease in mean 
arterial pressure (MAP) following the laudanosine 
bolus. The EEG and power spectra were unchanged at 


> 


infusion rates of up to 60 yg/kg/min (mean plasma 
laudanosine 4.4 ug/ml). Above 60 ng/kg/min, in spite 
of cardiovascular stability, the EEG showed periodic 
delta wave activity separated by periods of suppres- 
sion and low amplitude beta wave activity. Higher 
infusion rates increased the degree of suppression. 
These EEG changes were reflected in the power spectra 
of all four channels. No epileptiform activity was 
noted at these infusion rates. 


At the maximum infusion rate (1030-1360 
ye/kg/min), ventricular irritability and profound hypo- 
tension developed. Additionally the animals developed 
complete amplitude suppression intermixed with some 
spiking activity. Spinal cord release motor activity 
(twitching) was also seen in 3 of 6 cats. 


Discussion. Atracurium can be given by either 
bolus or continuous infusion. Atracurium infusion 
rates of 5-15 pg/kg/min (with resulting plasma 
laudanosine concentrations of 400-600 ng/ml) are 
required to maintain neuromscular blockade during 
various anesthetics. Laudanosine is an end-product of 
atracurium metabolism; in theory, two molecules of 
laudanosine can be generated from each molecule of 
atracurium. A laudanosine bolus followed by an infu- 
sion was given to simulate clinical conditions. These 
laudanosine bolus and infusion rates (in theory) 
represent 1 mg/kg atracurium and atracurium infusion 
rates of 7.5, 15, 30, and 60 ne/kg/min, respectively. 
Our data demonstrate that laudanosine can cross the 
blood-brain barrier. At plasma laudanosine concentra- 
tions greater than 4.4 pg/kg the described EEG and 
power spectra changes occurred. These plasma laudano- 
sine concentrations are at least 10-fold higher than 
those noted in patients. 


At plasma concentrations greater than 7.9 ng/ml 
profound hypotension and EEG suppression with occas- 
sional spikes occurred. The mechanisms for the 
cardiovascular depression and EEG suppression are 
unclear, but the latter may be related to the low 
perfusion pressure. The twitching is most likely due 
to spinal cord release. Grand-mal seizures reported 
in dogs may represent a species difference. Whether 
laudanosine concentrations high enough to produce 
adverse EEG effects can be achieved in anephric 
patients following atracurium is unknown; however, 
these data suggest that it is unlikely. 


Table. Laudanosine Concentrations Following 30 
Minute Infusion at Indicated Rates 


Infusion Rate Laudanosine 
(ng/kg/min) (ug/ml) 
15 2.3 + 0.7 
30 3.2 + 0.7 
60 hou + 1.2 
120 7.9 + 1.7 


Reference. 
(1). J Mercier and E Mercier. Action de quelques 
secondaires de l'opium sur l'electrocorticogramme du 
chien. Comptes Rendus de la Société de Biologie 1955; 
149 (1):760-762 
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Introduction. Ketamine-halothane-oxygen 
has potentia! advantages as an anesthetic 
combination for cesarean section. Since 
ketamine in contrast to thiopental is a pow- 
erful analgesic, nitrous oxide is not neces- 
Sary as a carrier gas. With more oxygen 
available, the fetus should be better oxy- 
genated at birth. Animal studies have in- 
dicated that ketamine can increase uterine 
artery perfusion. These factors should be 
reflected in better umbilical blood gases as 
well as higher Apgar and neurobehavicral 
scores. 

Methods. After approval from the Human 
Research Committee and patient consent, 
fifty patients undergoing general anesthe- 
sia for elective cesarean section were as- 
Signed to one of two groups. The thiopental 
group (25) was induced with thiopental (3mg/ 
kg), and anesthesia maintained with 4L of 
NaO and 4L of 0, with 0.5% halothane until 
délivery of tne” baby. The ketamine group 
(25) was induced with ketamine (1mg/kg}, 
maintained with a ketamine infusion deliver- 
ing 50mcg/kg/min, with 0.5% halothane and 
99.5% 0, until delivery of the baby. After 
deliver9 of the baby, 10mg of diazepam was 
given to all patients. The patients were 
then maintained with fentanyl or morphine as 
needed urtil the end of the operation. 

Blood gases were obtained at birth from the 
maternal artery and umbilical artery and 
vein. Apgar scores were obtained at 1 and 5 
minutes and Early Neonatal Neurobehavioral 
Score done at 2-4 hours and 24-36 hours 
after birth. A maternal interview with ques- 
tions designed to reveal awareness during 
anesthesia and dreams was performed. 

Results. Final statistics after comple- 
tion of the 50 patients are pending. Pre- 
liminary statistics after 36 patients {thio- 
pental 19 patients, ketamine 17 patients) 
revealed that the two groups were similar in 
demography. Maternal arterial blood gas 
values revealed a higher mean p0, (318+147 
torr) in the ketamine group than°in the 
pentothal group (194+79 torr). A small dif- 
ference in ventilation between the groups 
(pCO,: Ketamine ~- 38+5.0 torr, pentothal - 
314574 torr) was reflected in the pH (keta- 
mine - 7.38+.06, pentothal - 7.42+.06). 
Umbilical arterial and venous blood gas val- 
ues, time to sustained respiration, and 
Apgar scores between the two groups were not 
significantly different when compared using 
the Student's t-test at the 95% confidence 
level. The 2-4 hour ENNS revealed a slight 
prolongation in the average decrement re- 
sponse to Moro, light and sound reflexes in 
the ketamine group with only the light re- 
flex decrement remaining prolonged at 24 
hours. When comparing the mean ENNS scores 





in each category, the only statistically sig- 
nificant difference occurred in the sucking 
reflex at 2-4 hours with the ketamine group 
scoring slightly higher. Dreaming occurred 
in four patients in the ketamine group; no 
patients in the pentothal group reported 
dreaming. 

Discussion. This study appears,to differ 
from the 1978 report by Hodgkinson” which 
suggested ketamine resulted in better ENNS 
Scores than thiopental when used as an in- 
duction agent. Despite the theoretical ad- 
vantages, no significant improvement in the 
Apgar Scores or UA and UV gases were noted in 
the preliminary statistics. Except for the 
light reflex, the prolongation in decrement 
response had resolved by the 24 hour exam. 
This ketamine technique would allow the ad- 
ministration of a high inspired 0, concen- 
tration to those parturients requtring it and 
the higher maternal p0, could potentially be 
helpful in an asphyxiated high risk infant. 
Also, avoiding the use of NO would eliminate 
the risk of methionine synthetase inhibition 
proposed by Eger. 

Reference, 

1. Hodgkinson R, Bhatt M, Kim SS, et al: 
Neonatal neurobehavioral tests following 
cesarean section under general and spinal 
anesthesia. Am J Obstet Gynecol 132:670, 
1978. 
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Introduction. Isoflurane anesthesia in children 
has been reported to produce a high incidence of 
airway problems (1) and a longer induction time 
compared to halothane (2). Our clinical impres- 
Sions in over 1,500 children who received iso- 
flurane (July 1981 to date) did not accord with 
these findings (3,4,5). Accordingly, we re-assessed 
the incidence the effects of isoflurane when 
administered to children. 


Methods. We studied 66 children (1-12 years), 
ASA I or II, scheduled for elective surgery. Pre- 
medication consisted of atropine alone (A) or with 
meperidine and hydroxyzine (B); group C consisted 
of no premedication. Following mask induction with 
N0:0, at 7:3 l/min for 30 sec (using a semi-closed 
atesthetic circuit), isoflurane was added in 0.252 
increments at 30-sec intervals during spontaneous 
respirations until loss of lid reflex, presence of 
regular respirations and absence of purposeless 
movements; following which, isoflurane was main- 
tained at the highest concentration required with 
the N.0:0, mixture being decreased to 3:2 1/min 
An intfavenous cannula was then inserted. Oro- 
tracheal intubation was performed when indicated. 
At the end of anesthesia, times for return of 
reflexes were recorded, and in the PAR the children 
were evaluated using the recovery score devised by 
Steward (6). Complications were recorded - using 
the isoflurane evaluation form of the 1982 multi- 
center clinical study (8). 


Results. The times for loss of responses during 
induction, and the placement of the intravenous 
cannula, and incision with the corresponding anes- 
thetic concentrations of isoflurane are listed in 
Table 1. The occurrence of reflex actions are 
presented in Table 2. 


Discussion. Using a fixed-incremental and timed 
administration for inspired isoflurane to children, 
we observed that the times for loss of responses 
were less than previously recorded (6). For all the 
groups, the corresponding data for the isoflurane 
concentrations were also lower than those reported 
elsewhere (1,10). Of the reflex actions noted 
(Table 2) the incidence of airway problems, move- 
ment and excitement were similar to those reported 
in the New Drug Application for adults (9) but less 
than those reported by Frieson and Lichtor in 
children (1). The findings substantiate our pre- 
viously reported clinical impressions that isoflur- 
ane produces a relatively rapid induction with a 
low incidence of reflex actions in children that in 
no instance required discontinuance of the agent. 


TABLE 1. RESPONSE {MES (X + SEM) AND ISOFLURANE CONCENTRATIONS 


A (N26) B (N=28) C (N=12) 


Lid Reflex? atin 2 ts" 286% a p Eas ja" 
Movement? 37" + 15" yar“ e mr 3°17" + 18" 
Respiration? 3°45" + 20" 312 £ p15" 3'00" + 23" 
IV Placement T'LGY a 45" 4448" + 15" 6'28" + 40" 
% isoflurane i,7 20,1 1.4 4 Di 1.6 tO 


Incision 25°42" + 
l + 


94" 18° 16” + 1°23" 19'45" + 1'3)" 
Z Isoflurane 6 l 


1.8 + 0.1 1.9 0.1 


Floss b beence (purposeless) “presence C(regular} 


TABLE 2. REFLEX ACTIONS 


A B 
(N26) (N=28) (N«12) 
0 


em renin 


Breath-holding 


i $ 
Secretions 1 i 0 
Coughing 3 l Q 
Laryngospasm 2 3 Q 
Hiccough l 0 l 
Movement 2 l Q 
Excitement 0 I g 
Vomitin 0 9 l 
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Introduction. Shivering is commonly seen 
following anesthesia and surgery. Violent muscle 
activity often occurs, causing an increased 
metabolic demand for oxygen, sometimes accompanied 
by simultaneous elevation in carbon dioxide and pro- 
duction of lactic acid. Oxygen consumption may 
increase as much as 600%, and the normal person 
compensates for this by increasing cardiac output 
(CO) by 3-5 times. l However, patients with com- 
prised cardiac function may not be able to increase 
their CO; and, therefore, may attempt to compensate 
for the increased oxygen demand by excessive 
desaturation of the mixed venous blood. The pur- 
poses of this study were: 1. To evaluate the use of 
continuous mixed venous oxygen saturation (Sv09) 
monitoring during rewarming in the postoperative 
period, and 2. Ta determine the effectiveness of 
therapeutic interventions in decreasing shivering 
and improving Sv09. 

Methods. Seven patients undergoing elective 
coronary artery bypass surgery with good left ven- 
tricular function (EF=49 + 15%) were studied in the 
immediate postoperative period.* All patients had 
anesthesia induced with fentanyl or morphine and 
maintained with an inhalational agent, nitrous 
oxide/oxygen, and pancuronium. Monitors included 
radial and Opticath pulmonary arterial catheters, 
and electrocardiographic leads II and V5. A bubble 
oxygenator, systemic hypothermia (28°C), and cold, 
potassium cardioplegia were used, and all patients 
were rewarmed to an esophageal temperature of 37°C. 
In the intensive care unit (ICU), SvQ was recorded 
continuously, and hemodynamics, arterial and venous 
blood gases, hemoglobin, and body temperature were 
measured. The A-VOyo difference, oxygen consumption, 
and oxygen delivery were calculated from standard 
formulae. Shivering was graded on a scale of 0-4, 
with O=no shivering, and 4=continuous violent muscle 
activity. Treatment was initiated when shivering 
increased to grade 4, or when Sv0) declined by 1/3 
of its value on arrival in the ICU. Patients were 
treated in a serial manner, with 25-50 mg of 
meperidine or 5-10 mg of morphine. Failure to 
achieve significant improvement in shivering 
resulted in the administration of the other nar- 
cotic. If shivering still persisted, pancuronium 
was given. Statistical analysis of the data was 
performed using Students paired T-test with P¢.05 
being significant, and a linear regression analysis. 

Results. SvO5 decreased from control in all 
patients as the degree and duration of shivering 
increased (Table). Two of 7 patients showed an 
initial increase in CO in an attempt to compensate 
for the increased oxygen demand, but the remaining 5 
patients demonstrated no change or a decrease in 
CO. During shivering, oxygen consumption doubled, 
oxygen delivery remained unchanged, and one patient 
developed mild metabolic acidosis. The decreased 


SvQ) correlated with the shivering and increased 
oxygen consumption (r=0.85). Morphine was ineffec- 
tive in reducing shivering or increasing Sv02. 
However, 5 of 7 patients had a reduction in shiver- 
ing and increased SvQ. with meperidine. Two 
patients required pancuronium to stop the shivering 
and return SvO9 to acceptable limits. 

Discussion. Shivering produces increased oxygen 
consumption and a demand for increased CO. However, 
in these patients after hemodilution and cardio- 
pulmonary bypass, CO and oxygen delivery remained 
low. Even with myocardial revascularization, they 
were unable to increase cardiac function and CO in 
the immediate postoperative period. The Sv0?2 mea- 
surement correlated well with oxygen consumption 
changes, but did not reflect CO changes. This con- 
trasts with data reported in anesthetized, paralyzed 
patients during surgery where oxygen consumption was 
relatively constant and SvO5 correlated with changes 
in CO.2 

Various drugs have been used to control 
shivering in order to optimize the oxygen delivery/ 
consumption ratio. Muscle relaxants alleviate 
shivering, but may not be desirable in the awakening 
patient. Claybon and Hirsh previously showed that 
meperidine could be used to control postoperative 
shivering and that it did not reoccur within 45 
minutes in 68% of patients studied.3 This study 
confirms their findings and suggests that meperidine 
may be a good alternative to muscle relaxants in the 
treatment of shivering. 
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TABLE 
PARAMETER CONTROL SHIVERING POST-TREATMENT 
vO, 73.644.5+ S3.Ef11.1*®  &6.0211.0 


CO (l/min) 4.82.2 4&4. 741.5 4.54.4 
A-VO, Diff (Void) 3.34.5 6.442, 2% 4,541.3 
0, Consump (m1 0, /min) 154427 298+15i% 195238 
0, Delivery (ml 0, /mdn) 607282 6214239 6044119 
Temperature (°C) 33.8t.6 34.5+.3 34,82.5 
Shivering Score 1,221.1 2.94+.6% 0.44.1 
Hemoglobin (mg%) 9.841.7 10.041.6 9.9+1.6 


*P<.05 compared with control 
+(xtSD) 
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Introduction. Diltiazem (D) has been reported to 
alter coronary blood flow (CBF), as well as improve 
the distribution of blood from subepicardial to sub- 
endocardial layers of the myocardium. Additional myo- 
cardial benefits of D may result from reduced myocar- 
dial oxygen consumption (MVO2), and blunting of the 
blood flow maldistribution that occurs during the re- 
active hyperemia which follows an ischemic stimulus!>2 
Isoflurane (F) however, resulted in coronary vasodila- 
tion without alteration of CBF and indirect evidence 
of regional ischemia was observed in patients with 
ischemic heart disease.~ This study was designed to 
investigate effects of four plasma levels of D on CBF 
and myocardial metabolism in the intact dog in the 
presence of anesthetic levels of F, 

Methods. 15 dogs (23+1 kg) were anesthetized with 
F (1.49-1.54% end tidal} in 40% 09 in air. Femoral 
venous and arterial catheters were placed for fluid 
administration and measurement of phasic and mean ar- 
terial blood pressure (MAP). A pulmonary artery (PA) 
catheter for right atrial (RA) and PA occluded (PAO) 
pressures, a micromanometer tipped catheter for left 
ventricular pressure and derivation of LV dP/dt, and a 
Webster thermodilution coronary sinus catheter were 
introduced, aided by fluoroscopy. The ECG was recorded 
at fast paper speed for measurement of PR intervals. 
Cardiac outputs were by the Fick method. Total CBF was 
measured in duplicate by thermodilution; coronary and 
systemic vascular resistance (CVR,SVR), and cardiac 
index (CI) were calculated. Normocarbia and normother- 
mia were maintained. Arterial, mixed venous, and coro- 
nary sinus (cs) samples were simultaneously obtained 
for blood gases and oxygen content, as well as arteri- 
al and cs samples for lactate, D, and plasma epineph- 
rine (E) and norepinephrine (NE) levels. Blood sample 
losses were replaced. MVO2 and myocardial lactate ex- 
traction ratio (MLE) were computed. Following hemody- 
namic stabilization for 2h on F and measurement of 
control values, each dog received two of the following 
boluses and 30 min infusions of D in increasing order: 
100ug/kg +4ug/kg/min; 200ng/kg + 8ug/kg/min; 300ug/kg 
+ 12u¢/ke/min; 400ug/kg + 2Que/kg/min, Cardiovascular 
measurements and plasma samples were taken after the 
bolus and at 20 and 30 min of infusion, The data were 
evaluated using analysis of variance for repeated mea~- 
sures with Bonferroni t-tests. P<0.05 was considered 
significant. 

Results. Experimental results were sorted into 4 
groups by plasma D levels at intervals of 100 ng/ml, 
resulting in mean plasma D levels of I; 47+3; II: 148+ 
12; III: 263+10; and IV: 379+43 ng/ml. There were no 
differences between the 20 and 30 min values during 
the infusions of D. Control hemodynamic values were 
similar for the 4 groups and showed no change compared 
to the steady state D levels achieved in this study, 
except for a decreased LV dP/dt and increased PAO and 
RA at the higher levels of D. Values for group IV are 
shown in table 1, Values for CBF, CVR, MLE, and MVO, 
are shown in table 2. No changes were observed. PR in- 
terval of the ECG was significantly and progressively 
prolonged (table 2) with increasing plasma levels of D 
up to and including third degree heart block in sever- 
al animals. 

Discussion. In the presence of 1.5% end tidal F, 
the imposition of the plasma levels of D achieved in 


this study resulted in no significant change in global 
myocardial metabolism or coronary hemodynamics in ani- 
mals with presumed normal coronary anatomy. Further 
studies are now indicated to evaluate the combined 
local effects of D and F in ischemic compared to nor- 
mal regions of myocardium, to determine whether D can 
mitigate the preferential redistribution of blood flow 
to normal regions attributed to F.~ Despite the lack 
of major systemic or global coronary effects of these 
levels of D during F and concomitant lack of change of 
plasma E and NE, atrioventricular conduction interfer- 
ing properties of D were prominent, 
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Table 1, Group IV 


HR MAP RA PAO LV dP/dt 
(bpm) (mmHg) (mmHg) (mtHg) (mmHg /s) 
C 12744 9145 6l 8+1 1966+133 
30 min 11246 8745 9+1* 1241*% 1600F110% 
CL SVR E NE 


(1/min) (dynes/s/cnt->) (pg/ml) (pg/ml) 
C 4.434+0.48 17544243 262463 134448 


30 min 4.2440.40 15774147 3504134 223458 


Mean + SEM; * p<0.05 compared to control 





Table 2, 
Group n Control 30 Min 
CBF I 5 105415 100+12 
(ml/min) II 7 164+21 168+29 
IIL 7 126419 133+9 
Iv 7 178430 159433 
CVR I 5 0,65+0.10 0.654+0.12 
(mmHg*min) II 6 0.47+0.07 0.51+0.11 
ml III 7 0,56+0.10 0.48+0.05 
IV 6 0,4640.11 0.48+0.13 
MLE I 6 0,39+0.05  0,3140.04 
(%) II 7 0.4140.07  0.32+0.04 
III 7 0,3340.05 0.25+0,05 
IV 7 0,28+0.04  0.25+0.03 
MVO» I 6  6.l+l.3 6.5+0.5 
(ml/min) TD. S 13l 12,0+2.2 
III 5 7,8+1.0 8.9+0.3 
IV 7 12,5+2.4 12,04+2.2 
PR interval I 7 104+6 L14+7 * 
(ms) II 8 102+5 125+10* 
III 8 11347 t+ 143+24tt 
IV 8 12849 + 156+10tt 





Mean + SEM: * p<0.05 compared to control 
+ 2nd of 2 doses; D levels: III=87+16; IV=138+30ng/ml 
++ junctional rhythms in 1/8 (III) and 2/8 (IV) dogs 
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Introduction. Serious intraoperative 
hypercarbia developed in two pediatric 
patients at our hospital caused by 
incompetent inhalation unidirectional dome 
valves (IUDVs). These two machines had been 
in active clinical service, mainly for 
adult patients, without apparent problems. 
Following those two cases, a spot check cf 
the unidirectional dome valves (UDVs) 
revealed some degree of incompetency in 6 
of 30 machines in our hospital. These 
findings prompted us to develop a simple 
and sensitive method testing UDV competency, 
and to initiate this mail survey. 


Method. Competency of the UDVs were 
tested by anesthesiologists, nurse 
anesthetists, or anesthesia equipment 
managers who were known to one of the 
authors. The following is the protocol that 
was sent to each prospective correspondent: 
(A) Preparation; remove breathing tubes 
from the circle, turn off all gas flows, 
and close pop-off valve. 

(B) Checking Inhalation UDV; 1) connect a 
reservoir bag at the usual bag connector 
Site and one limb of corrugated tubing on 
the inhalation outlet. 2) while the 
exhalation inlet is closed with the palm of 
the hand, apply positive pressure 
(approximately 5 to 10 emH.0) with "GENTIS 
SLOW BLOW" via the corrugated tubing. 
Filling of the reservoir bag indicates an 
incompetent IUDV. 

(C) Checking Exhalation UDV; 1) connect a 
reservoir bag to the exhalation inlet and 
one limb of corrugated tubing on the bag 
connector site. 2) while the inhalation 
outlet is closed with the palm of the hand, 
apply gentle positive pressure as described 
in 2) above. Filling of the reservoir bag 
indicates an incompetent EUDV. 


Results. A total of 302 anesthesia 
machines were surveyed among 28 hospitals 
of various sizes. No incompetent valves were 
found in 11 hospitals. Either one or both 
valves were found to be incompetent in 61 
machines among the 17 remaining hospitals. 
The results are summarized in the table. 


Incompetent UDVs Found in Different 
Types of Anesthesia Machines 


Incomp Ohio Foregger Drager Others Total 


UDVs N=178 N=71 N=46 N=7 N=302 
Inhal 16 6 3 1 26 
Exhal 9 9 Q 2 20 
Both 9 4 2 0 15 
Total 34 19 5 3 61 

% 19 27 10 43 20 





Discussion.Warping of the disk valve 
is the most common cause of the incompetency. 
Another possible cause is minor irregularity 
on the sharp rim of the tubular structures 
where the valves are seated. Valves made 
of malleable material (Ohio and Foregger) 
are highly susceptible to warping by either 
mechanical forces or natural deterioration. 
Signs suggestive of an incompetent UDV are 
lacking. Tidal volume delivered to the 
patient is not altered by the incompetent 
UDV, but the VD/VT ratio will be increased, 
due to rebreathing of expired gases. The 
rise in VD/VT ratio will depend upon the 
degree of incompetency and upon the 
respiratory pattern. The small tidal volumes 
and rapid respiratory rates, commonly seen 
in anesthetizec children and in spontaneous- 
ly breathing adults, will greatly increase 
the VD/VT ratic. Large tidal volumes with 
slow rates partially antagonize the increase 
in VD/VT ratio. Therefore, the degree of 
carbon dioxide retention caused by an 
incompetent UDV will be variable. Thus, 
the incompetent UDV may go undetected until 
serious hypercarbia develops in the 
vulnerable patient. 

The principle of our method testing 
incompetent UDV is the demonstration of 
airflow against the direction of the valve 
when a near normal physiologic airway 
pressure is applied in the closed circle 
system. Minor warping on the valve could 

be corrected by applying a high pressure 
against the warped valve (40 cmH20 positive 
pressure applied for similar test which was 
recently suggested by the Foregger Company!, 
Such a high pressure is not only beyond the 
normal physiologic airway pressure but also 
could cause a false negative result). 
Recently two cases of incompetent UDVs 

have been reported af fer being detected by 
the mass spectrometer*’*/, An in-line carbon 
dioxide analyser would also be helpful to 
detect hypercarbia. 

In conclusion, we found that 20% of anesthe- 
sia machines in active clinical service 
could potentially threaten the well-being of 
anesthetized patients, because of defective 
UDVs. We feel that testing of the competency 
of UDVs should be included in a routine 
preanesthesia checkout procedure, and that 
an incompetent UDV should be considered in 
the differential diagnosis when hypercarbia 
occurs during anesthesia. 

References. 1. Foregger Anesthesia 
Circuit, Supplemental Operation Check, 
Puritan-Bennett Corp.; Overland Park, Ks 
3/30/84 2. Pyles ST, Berman LS, Modell JH. 
Expiratory valve dysfunction in a semiclosed 
circle anesthesia circuit-verification by 
analysis of carbon dioxide waveform. 

Anesth Analg 1984, 63:536-37 3. Hornbein 
TF, Glauber DT. Inadvertent inspiration of 
carbon dioxide. Anesthesiology 1984, 61:114-15 
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Introduction. Intubation has been long known to 
be associated with sympathetic stimulation leading to 
tachycardia, hypertension, ischemic changes and other 
undesirable myocardial effects. Since the myocardium 
is more taxed by tachycardia than hypertension, a 
cardioselective, B-blocker with an ultrashort 
half-life would be ideal in managing intubation-in- 
duced tachycardia (1,2). Furthermore, since the 
thiopental-succinylcholine induction technique is the 
most common method used to induce patients for 
anesthesia, we felt that it was important to 
evaluate the effectiveness of esmolol (methyl 3-|4- 
(2-hydroxy-3- | isopropylamino | propoxy) phenyl | 
propionate hydrochloride) in attenuating tachycardia 
caused by intubation, utilizing this induction 
technique. 


Methods. Following approval of the Institutional 
Review Board, 22 patients who gave informed written 
consent in ASA physical state I-III were studied. 
Patients on a- or 8~blockers or agonists were excluded 
from the study. No manipulation, surgical stimulation 
or positioning was allowed until 5 minutes after the 
end of esmolol infusion. 12 patients received an 
infusion of 500 ug/kg/min esmolol loading dose for 
4 minutes before induction with thiopental and 
300 ug/kg/min for maintenance for 6 additional 
minutes during endotracheal intubation. The control 
patients (N=10) received 5% D/W infusion in place of 
esmolol with an infusion pump. The patients received 
1.5 mg/kg hydroxyzine, 1.5 mg/kg meperidine and 
3.0 g/kg glycopyrrolate i.m. 90 minutes before 
anesthesia. Patients were induced with sodium 
thiopental at minute 4 of the esmolol infusion. 

75 mg doses were given until the disappearance of 
lid~reflex. Succinylcholine, 1.0 mg/kg i.v. was used 
to facilitate endotracheal intubation, As soon as 
relaxation was complete, laryngoscopy was initiated. 
The mean duration of Laryngoscopy approximated 30 
seconds in each group. After che completion of intu- 
bation, nitrous-oxide/oxygen = 3:2L/min with 0.5-1.2% 
enflurane was administered. Blood samples were taken 
for plasma free-norepinephrine (NE), epinephrine and 
dopamine levels at the beginning of esmolol infusion, 
at the time of thiopental induction, 3 minutes after 
endotracheal-tube placement and 30 minutes after the 
end of infusion. Direct arterial pressure and ECG 
strips were continuously recorded for 5 minutes 
before and 30 minutes after esmolol infusion. 


Results. The mean t S.E. of heart rates in the 
esmolol group were 83.3 Í 5.0 beats/min before esmolol 
(A), 70.3 * 4.3 before thiopental, after 4 minutes 
esmolol infusion (B), 85.5 = 3.8, 3 minutes after 
placement of the tube (C), 86.2 + 3.5, 5 minutes after 
the placement of the tube (D), and 79.5 + 3.8 at 
5 minutes after the end of esmolol infusion (E). None 
of these changes were significantly different from the 
pre-esmolol infusion values. The corresponding pulse 
rates for the controls were: 85.2 È 4.3, 92.6 + 4.6, 
111.3 È 4.4, 111.0 È 4.8, 97.6 È 4.2 beats/min. The 
heart rates were significantly greater in the control 
group compared to the esmolol-treated group at C and 
D (P<0.001). The mean t S.E. of systolic pressures in 
the esmolol group were: 150.2 = 7.8 mmHg at A, 149.4 
t 6,4 at B, 153.9 + 7.6 at C, 157.5 Ë 7.6 at D, and 
119.6 + 6.6 at E. In the control group, the corres- 
ponding systolic pressures were 140,7 * 4.5, 141.7 È 
6.4, 188.8 È 8.5, 179.7 + 8.3 and. 142.7 8.8. The 
systolic blood pressure was significantly greater in 
the control group compared to the esmolol-treated 
group at C (P<0.01). Plasma free-NE levels were: 
205.33 * 33.04 pg/ml at A, 194.45 + 45,1 at B, 

379.83 + 107.1 at C, and 290.0 + 52.6 30 min. after 
esmolol, while in the control group, the corresponding 
blood levels were: 263.9 È 48.9, 262.5 Í 52.8, 430.2 
* 108.56 and 324.8 * 59.9 pg/ml. The post-intubation 
increases were not statistically significant in either 
group (p>0.05) despite a greater than 50% increase in 
mean values. Epinephrine and dopamine level changes 
were inconclusive. 


Discussion. Patients pretreated with esmolol are 
protected from tachycardia caused by endotracheal in- 
tubation. Esmolol moderated the increases in systolic 
blood pressures. Esmolol infusion may offer an impor- 
tant pharmacological intervention in patients in whom 
an increase in heart rate, blood pressure and/or rate- 
pressure product should be avoided during endotracheal 
intubation. 
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Introduction. Rapidly increasing hospital ex- 
penses have produced a common trend towards outpa~ 
tient anesthesia. We have previously tested recovery 
and residual effects of a number of drugs and anesthe 
tic techniques. The present study was conducted to 
compare recovery in patients undergoing dental or 
oral surgery under enflurane or isoflurane anesthesia. 


‘ Furthermore, we wanted to evaluate the influence of 


the duration of the anesthesia on rapidity of recove- 
ry with bath anesthetics. 


Methods. One hundred and twenty patients were 
entered. Tne protocol was approved by institutional 
ethical committee and informed consent was obtained 
from each patient for the study. No premedication 
was used. Anesthesia was induced with methohexitel 
and endotracheal intubation was facilitated with 
succinylcholine (1 mg/kg). Anesthesia was maintained 
with either enflurane or isoflurane in nitrous oxide 
and oxygen (50%) administered in a non-rebreathing 
circuit,using spontaneous respiration. Epflurane 
(Efrane , Abbott) and isoflurane (Forane , Abbott) 
were used in random order and both the patient and 
the person administering the recovery tests were un- 
aware which anesthetic had been used. No other drugs 
were given before or during anesthesia. The time 
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The patients’ task was to mark every digit in the 
row as the onecircled at the beginning of the row 
for 2 minutes.” Student's t-test and chi-square test 
were used for statistical treatment of the results. 


Results. Summary on findings is presented in 
Tables l. and 2. The patients' ability to walk ona 
straight line normalized significantly (P< 0.05) 
faster after isoflurane than after enflurane anesthe- 
sia. Long enflurane anesthesia (over 90 min) was 
associated with significantly (P< 0.05) slower re- 
covery than short enflurane anesthesia (less than 
40 min), which was not the case with isoflurare. With 
isoflurane the rapidity of recovery did not depend 
on the duration of anesthesia. Most patients nere 
discharged from the clinic one hour after anesthesia 
with a responsible adult. 


Discussion. The tests used in this study were 
selected te help in making a clinical decision re- 
garding discharge of patients from the clinic. Using 
a driving simulator we have previously shown that no 
major differences exists in the residual effects 
after brief halothane or enflurane anesthesia.” The 
faster recovery from isoflurane than from enflurane 
anesthesia in this study agrees with the modest snlu- 
bility of isoflurane into blood. It is concluded that 
from the three inhaled anesthetics, halothane, en- 
flurane and isoflurane, isoflurane should be pre- 
ferred in outpatient practice due to rapid recovery 
after its administration. 


References. 


Table 1. Characteristics of patients and summary 
of findings(mean + SD) after outpatient general anes- 
thesia with enflutrane or isoflurane for oral surgery 
or dentistry. *P < 0.05 vs enflurane. 


Enflurane isoflurane 
Patients 
n 60 60 
Age (yr) 28 + 5.6 28 + 5.4 
Weight (kg) 71 + 12 72 + 13 
Male/female 43/17 40/20 
Methohexital (mg/kg) 1.93 + 0.19 1.99 + 0.10 
Duration of Anes- 
thesia (min) 66 + 30 76 + 34 
Orientated to time 
and place (min) 13 + 4 12 +4 
Unsteady gait (% of 
total) 
after 30 min 77 75 
after 60 min 29 10* 
Perceptual speed 
(number correct) 
before anesthesia 51 + ll 49 + 8 
after 30 min 42 + 14 43 + 12 
after 60 min 59 + 14 58 + 13 
Nausea or vomiting 25 % 26 % 


during 24 h (% of total) 


Table 2. Infivence of duration of anesthesia on 
rapidity of recovery. 


Enflurane Isoflurane 
Assessment < 40 min >90 min<40 min >90 min 
Number of patients 13 14 9 17 


Unsteady gait 

(% of total) 

after 30 min 62 100* 67 78 
after 60 min 23 39 22 ő 


Perceptual speed 
number correct 
(mean + SD) 


before anesthesia 20+11 49+ 9 47+6 49+/ 
after 30 min 47+13 32415%* 45413 38+11 
after 60 min 62+48 38+13* 98415 56+11 


*P< 0.05, **P< 0.01 vs enflurane < 40 min 


l. Korttila K. Recovery and driving after brief 
anesthesia. Anaesthesist 1981;30;377. 

2. Korttila K, Ghoneim MM, Jacobs L and Lakes RS. 
Evaluation of instrumented force platform as a 
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Anesthesiology 19813553625. 

3. Korttila K, Tammisto T, Ertama P et al. Recovery 
psychomotor skills and simulated driving after 
brief inhalation anesthesia with halotrane ar 
enflurane in combination with nitrous oxide and 
oxygen. Anesthesiology 1977;46;20. 
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Introduction. This study was undertaken to 
determine the effects of subarachnoid lidocaine with 
and without epinephrine on spinal cord blood flow 
(SCBF) in dogs. 


Methods. Eighteen mongrel dogs weighing 23 + 4 
kg (mean + S.D.) were anesthetized with pentobarbi- 
tal, intubated, and ventilated with an F402 = 1.0 to 
a PaCO? of 35-42 mig. 

The radioactive microsphere technique was 
employed for spinal cord blood flow measurements! 
Cerium41, Chranium1, or Strontium’? labelled 15 + 
0.5 micron microspheres were injected through a left 
ventricular catheter and sampled through a femoral 
arterial line. 

Hemodynamic measurements were made through a 
femoral arterial line and a Swan-Ganz thermodilution 
catheter. 

Following completion of the surgical preparation 
and stabilization of the PaCO9, pH, temperature and 
blood pressure, a control SCBF was determined. A 
dural puncture was then performed at the L5-L¢ or 
Lg-L7 interspace. 

Animals were divided into 3 equal groups. The 
dogs in each group received one of the following: 

l. Preservative free 0.9% saline (N.S.) - 5 ml, 
2. Lidocaine 100 mg in saline - 5 ml, or 
3. Lidocaine 100 mg with epinephrine 200 uq in 

saline - 5 ml 

Intravenous 0.9% saline solution was 
administered to maintain venous pressure at pre- 
injection values. Repeat determinations of SCBF 
were performed at 20 and 40 minutes following spinal 
anesthesia. 

All data were analyzed using analysis of 
variance and Student's paired and unpaired t tests 
where appropriate. 


Results. The results are summarized in the 
following table. 





Saline (control group) Pre 20 min post 40 min post 


n= 6 Injection injection injection 
MABP (mmHg) 1245 12244 13it 4 
C.I. (ml/kg/min) 233419 19848 206213 
Cervical Cord B.F. 

(m1/100g/nin) 26+ 3 2645 20+ 2 
Thoracic Cord B.F. 

(m1/100g/min) 21 3 2243 194 2 
Lumbosacral Cord B.F. 

(m1/LOOgAnin) 32t 5 3949 35410 





Lidocaine (plain) Pre 20 min post 40 minpost 
n= 6 Injection injection injection 
MABP (mmHg) 123+ 2 93+ 5* 106+ 3* 
CI (ml/kg/min) 230432 204435 203436 
Cervical Cord B.F. 

(m1 /LOGg/min) 16t 2 13 2 13z 1 
Thoracic Cord B.F. 

(mL /100g/min) 134 2 12+ 2 13 1 
Lumbosacral Cord B.F. 

(mL/100g/min) 21+ 2 354 7 50t 9* 
Lidocaine with ` Pre 20 min post 40 min post 


Epinephrine n= 6 injection injection injection 


MABP (nmg) 1234 4 76+ 6* 82+ 5* 
C.I. (ml/kg/min) 18620 240418 228432 
Cervical Cord B.r. 

(mL/100g/min) 22+ 4 20+ 3 19% 2 
Thoracic Cord B.F. ` 
(ml/100g/min) 17+ 3 12+ 1 13t 3 


Lumbosacral Cord B.F. 


(m1/100g/min) 30Ł 4 24+ 4 36+ 9 


Results are mean + SEM, *p 0,05 


Following subarachnoid lidocaine (plain, and with 
epinephrine) a significant decrease in MABP was 
evident at 20 and 40 minutes. Cardiac index however, 
remained unchanged during the study period in the 3 
groups, Dural puncture and intrathecal N.S. did not 
significantly alter SCBF. Lumbar subarachnoid 
lidocaine did not alter cervical or thoracic SCBF. 
Lumbosacral SCBF was not significantly altered at 20 
minutes following intrathecal lidocaine but increased 
138% at 40 minutes. The addition of epinephrine to 
lidocaine prevented the increase in SCBF seen with 
lidocaine (plain) and flows remained similar to 
control values. 

Summary and Conclusion. A significant increase in 
lumbosacral SCBF was demonstrated at 40 minutes but 
not at 20 minutes following intrathecal lidocaine. 
The hyperemic response seen with lidocaine at 40 
minutes is similar to that occurring following 
subarachnoid tetracaine (20 mg) in dogs. The 
addition of epinephrine (200 ug) to intrathecal 
lidocaine prevented the increase in SCBF seen at 40 
min with lidocaine alone. 
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Introduction. While morphine has been 
observed clinically to produce essentially complete 
anesthesia, animal studies have documented a 
maximal enflurane MAC reduction of 65% by 
morphine (1). Sufentanil, a more potent narcotic 
produces nearly complete anesthesia, reducing 
halothane MAC by 90% (2). Alfentanil, a derivative 
of fentanyl, is shorter acting than fentanyl, but 
more potent than morphine. This study compares the 
reduction in halothane MAC produced by morphine and 
alfentanil in rats. 

Methods. The anesthetic potency of alfentanil 
and morphine wes measured by its reduction of the 
MAC of halothane. Fifty-two male Sprague-Dawley 
rats weighing 304232 gms were anesthetized with 
halothane and oxygen at concentrations sufficient 
for endotracheal intubation and cannulation of the 
femoral ertery and vein. The concentration of 
halothare was then reduced to 1% and ventilation 
controlled with a Harvard animal respirator. Bedy 
temperature and arterial blocd gases were maintained 
within ncrmal limits. The tail clamp technique was 
used to determine MAC. A PE10 catheter was intro- 
duced into the endotracheal tube until resistance 
was met, then withdrawn 1-2 mm. Alveolar concen- 
trations of halothane were determined cn gas 
samples drawn over a 3-5 minute Interval into glass 
syringes at the time of tail clamp and assayed on a 
Hewlett-Packard Model 5750 gas chromatograph with a 
flame ionization detector. The halothane MAC 
reduction produced by morphine after doses of 4, 8, 
12 or 20 ma/kg S.C. or intravencus infusion of 
alfentanil at .01 g/kg/min to 100 ug/kg/min was 
determined using the tail clamp technique. 
Halothane was adjusted in decrements of 0.12% until 
a positive response was observed using 15 minute 
intervals for equilibration. A bolus dose of 
alfentanil equivalent to 10 minutes of infusion 
preceded the constant infusion. 

Results. The control MAC for halothane was 
0.7840.122, similar to previous observations in 
rats. The reduction of halothane MAC by morphine 
was biphasic with a rapid linear increase in MAC 
reduction up to 8 mg/kg and a slower rise from 8 to 
20 mg/kg of morphine. At the highest dose used, 
the reduction of MAC by morphine was 87% (fig. 1). 
The maximal reduction in MAC produced by alfentanil 
that could be determined in this model was 35% at 
15 we/kg/min (table 1). Doses of alfentanil 
greater than 15 ug/kg/min produced severe truncal, 
chest wall, and abdominal rigidity in the animals, 
precluding adequate ventilation and determination 
of MAC. 

Discussion. This study demonstrates that 
morphine, like sufentanil, can produce almost 
complete anesthesia. The difference between our 
results and those previously reported are probably 
caused by differences in anesthetic agents used and 
in the mode of drug administration. It would 
appear that opioids supplement halothane anesthesia 
better than they supplement cyclopropane or 
enflurane anesthesia and that almost complete 
anesthesia can be produced by morphine or 
sufentanil. In contrast, this study also 


dama that alfentanil produces rigidity at 
dosés that only produce a 35% MAC contribution. 
This implies that in contrast to morphine and 
sufentanil, the use of higher dose, alfentanil- 
supplemented anesthesia will require the use of a 
neuromuscular blocking drug. 
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Figure 1. Reduction of halothane MAC by 
morphine. For comparison, previous data 
demonstrating reduction of cyclopropane MAC by 
morphine is included (3). 


Table 1. MAC Reduction by Alfentanil 


N Alfentanil Dose MAC Reduction 
(ug/kg/min}) (% halothane) 

4 0.01 0 

2 0.1 2 

2 1.0 11 

5 5 16 

7 10 26 

2 15 35 

14 20-100 Rigidity 
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Introduction. 


Monitoring of sensory evoked responses can provide 
important information about nerve conduction through 
respective anatomical pathways. Of the non-pathological 
factors that may influence these electrophysiological 
potentials, body temperature is an important variable. While 
this may have minimal significance in awake patients as body 
temperature varies little, important deviation from normality 
may Occur in anesthetized patients. In patients undergoing 
hypothermic cardiopulmonary bypass, brain stem auditory 
evoked responses (BAEP) were unrecordable below 25°C and 
progressive increase in peak V latency was observed before 
this end point (1,2). The patients studied, however, were all 
under the influence of various anesthetic agents. We sought 
to identify the influence of mild hypothermia (35°C) as 
occurred frequently intraoperatively on BAEP and 
somatosensory evoked responses (SSEP} in conscious human 
volunteers. 


Methods. 


Informed consents were obtained from six healthy male 
subjects, age 28-34. Mild hypothermia was induced by 
intravenous infusion of refrigerated Lactated Ringer’s Solution 
and surface hypothermia with a cooling blanket. Temperature 
was monitored with a nasopharyngeal probe and maintained 
at the lowest level possible without invoking shivering. BAEP 
was recorded from the vertex in reference to ipsilateral ear 
lobe in response to monaural repetitive auditory clicks with 
alternating polarity at 21.1 Hz with bandpass filter between 
150 to 1500 Hz. Disposable plastic ear inserts were used to 
deliver the auditory stimuli, causing a delay in all peaks by 
0.5 msec. At least 1000 sweeps were averaged. SSEP was 
recorded from the contralateral sensory cortex, C- spine, and 
the Erb’s point ipsilateral to the median nerve stimulated with 
a square wave 2 mA above twitch threshold. Either 128 or 
256 responses were averaged. All sensory evoked responses 
were determined in duplicate during normothermia and 
hypothermia maintained for at least 10 minutes. Paired t-test 
was used for statistical analysis and p<0.05 was considered 
significant. 


Results. 


An average of 2500 ml Lactated Ringer's Solution was 
administered to each volunteer. The subjects tolerated mild 
hypothermia (35°C) well but started to shiver when the 
nasopharyngeal temperature decreased by more than 1.5°C. 
Changes in BAEP latencies and SSEP latency of the cortical 
response {N 20), spinal responses (N 13) and Erb's point 
response {N 10) as well as the central conduction time (CCT, 
difference between N 20 and N 13) are tabulated as shown. 
With the exception of peak IVV, mild hypothermia to 35°C 
did not increase latency significantly. interpeak latencies (IPL) 
were likewise unchanged. The increase in peak IV-V latency, 
although statistically significant, was only 0.05 msec. The 
amplitude decreased from 0.47 uV to 0.42 uV, but this 
difference was not statistically significant. In contrast, both 
latency and amplitude of N 10 and N 13 were significantly 
prolonged and decreased by hypothermia. The cortical 
component (N 20) was not significantly affected. 


Discussion. 


When interpreting intraoperative changes in sensory evoked 
responses, non pathological factors must be taken into 
account. Significant increase in BAEP latency can occur when 
temperature falis below 34°C. However, in most clinical 
conditions only mild hypothermia is encountered. Our study 
suggested that increase in peak IV-V latency is small at 35°C, 
and that analysis of IPL may be helpful because of the fack 
of change. In contrast, with SSEP, peripheral conduction is 
significantly prolonged by mild hypothermia while the cortical 
component is not significantly affected. CCT probably remains 
a valid derived variable for detection of changes. The delay in 
peripheral conduction in the present study, however, was 
quite possibly due to peripheral cooling much in excess of 
core cooling. We conclude that intraoperative BAEP and SSEP 
can be reliably recorded during mild hypothermia down to 
35°C. Beyond this the effect of temperature must be taken 
into consideration in the interpretation of changes. 
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LATENCY imsec + SEM) 





TEMP i tt H IVV j-i iV H-V 





36.2 2.35 3.47 4.52 6.40 2.17 4.05 1.88 
+0.10 4006 +0.07 +0.45 +0.07 +0.04 40.08 +0.04 
35.0 2.35 3.45 4.56 6.45* 2.21 4.10 1.90 


+0.10 +0.08 +0.10 +0.06 +0.08 +007 +0.10 +0.05 





LATENCY (msec + SEM} AMPLITUDE {pV + SEM} 


TEMP N10 N13 N20 CeT N10 N13 N20 





36.2 9.97 13.45 20.18 6.65 6.16 3.71 1.94 
+0.10 +4014 +0.26 +0.38 4042 +0.87 40.29 +0.35 
34.9 10.32* 13.82° 20.57 6.73 4,43° 3.03" 1.49 


+0.12 40.14 40.22 +0.35 +036 +0.81 +0.28 +0.16 
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n=€6 *p < 0.05 
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Introduction. We undertook this study to deter- 
mine the effects on extravascular lung water (EVLW) 
of using a hypertonic crystalloid solution (3% sa~- 
line) to treat hemorrhagic shock, 


Materials and Methods. Seven sheep weighing be~- 
tween 43 and 75 kg were anesthetized with thiamylal 
sodium (loading dose: 15 mg/kg). After tracheal in- 
tubation, mechanical ventilation was maintained at 
8 breaths/min with a tidal volume of 15 ml/xg. End- 
expiratory pressure was set at 0 cm H,0 (F703: 
0.5) throughout the study. Pulmonary artery (PAP), 
pulmonary capillary wedge (PCWP), central venous 
(CVP), and mean arterial (MAP) pressures; cardiac 
output (CO) by thermodilution; and EVLW by the 
thermal-dye technique (1) were monitored. Colloid 
oncotic pressure (COP) (Wescor) and serum sodium, 
potassium, and osmolality were also measured. 
COP + PCWP gradient and venous admixture (Qsp/0t) 
were calculated. After baseline measurements, the 
animals were bled via an arterial catheter to a MAP 
of 50 mmHg. Further bleeding was used as necessary 
to keep MAP at 50 mmHg. After 30 min at 50 mmHg, 
data were collected. Animals were then infused 
with hypertonic saline solution at approximately 
500 m1/15 min. Therapeutic end point was baseline 
CO, MAP, and PCWP; fluid resuscitation was continued 
to maintain those values for 1 h. Final measurements 
were compared with those before shock and immediately 
after resuscitation, Analysis of variance and Dun- 
can's test were used for statistical analyses. 


Results (Tables 1 and 2). After fluid resusci- 
tation, CO, PAP, and PCWP returned to baseline. MAP 
was still significantly lower than baseline 60 min 
after resuscitation. As expected, COP and COP-PCWP 
decreased significantly as volume was infused, but 
EVLW did not vary throughout the study. Tke volume 
of hypertonic solution needed to resuscitate each 
animal was 39 + 19 ml/kg. Serum sodium, potassium, 
and osmolality varied significantly. Csp/Qt in- 
creased from 1% to 4% by the end of the study. 


Discussion. We investigated the effects on EVLW 
of treating hemorrhagic shock by rapidly infusing hy- 
pertonic saline. Even though the COP-PCWP decreased 
significantly, EVLW did not change. The known deter- 
minants of fluid flux across a capillary are hydro- 
static and interstitial fluid pressure gradients, 
plasma and tissue oncotic pressures, a reflection co- 
efficient, and lymph flow (2). Data indicate that, 
despite known changes in COP and COP-PCWP gradient, 
EVLW accumulation cannot be predicted; probably com- 
pensatory changes occur in the other unmeasured Star- 
ling factors. Also, the resuscitation fluid's hyper- 
tonicity may influence fluid movement in the direc- 
tion of the intravascular compartment, Although un- 
likely, the time allotted for the study of these ani- 
mals may not have been long enough to observe changes 
in EVLW. The marked increase in serum sodium and os- 
molality may be caused by either the solution's 
hypertonicity, its rapid infusion, or both. A recent 


study indicates that initially infusing hypertonic 
solution at 500 ml over 10-15 min and then more 
slowly, 500 ml/h, will yield less dramatic variation 
in serum sodium (3). Interestingly, the volume of 3% 
saline required for resuscitation (39 + 19 ml/kg) was 
markedly less than the volume of lactated Ringer's 
solution (72.9 + 81.9 ml/kg) that was required ina 
study using the same protocol (4). In conclusion, 
rapid infusion of hypertonic saline during hemor- 
rhagic shock neither increased EVLW nor compromised 
gas exchange. 
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Table 1. Effects of Hypertonic Solut ion on Shock* 


Nh we EE nt e e e a — POP 








Before 36 Min Time After Resuscitation 

Shock After Shock Immediate 60 Min 
PAP 19.44 2.5 17.04 5.9 20.0 +7.2 20.44 6.0 
PCWP 13.14 4.9 10.04 4.6t 13.64 4.4F 14.1 + 4.0f 
MAP 127.1 + 14.8 49.3 + 8.4t 110.0 + 10.8t 103.6 + 16.8t 
co 5.05 + 2.4  2.3+0.8t 5.1 +11.5 6.34 2.4F 
EVLW 11.64 5.8 88+41 8044+30 9.9 4 4.6 
COP 20.6 + 1.5 16.8 +1.6t 12+ 17.8tf 11.5 + 2.3tt 
COP-PCWP 7.4 +60 6.845.2 -1.6 + 5.7tf -2.6 +6.2tt 
Qsp/Qt 0.9 + 0.6 t.141.1 2.1424 4.1 + 4.5tF 
*Values are means + SD. Abbreviations are defined within the 
text. Units of measure: all pressures, mmHg; CQ, L/min; 


EVLW, ml/kg}; and Qsp/Qt, %. 
tP < 0.05 compared with before shock. 
tP < 0.05 compared with 30 min after shock. 


Table 2. Effect of Hypertanic Fluid on Serum Values After Shock* 





a Time After Resuscitation 
Before Shock Immediate 6&0 Min 


Nat (mEq/L) 150.8 + 2.3 167.8 + 9.2t 185.3 + 15.4t 
K+ (mEq/L) 3.2 40.3 2.3 + O.4t 2.6 + O.7t 
Osm (mOsm/kg H20) 298.3 + 1.4 530.84 10.7F 352.3 + 27.44 
Resuscitation 
volume (ml/kg) 


39.0 + 19 





*Values are means + SD. 
tP < 0.05 compared with before shock. 
tP < 0.05 compared with 60 min after resuwitation. 
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Introduction. The incidence of aspiration in 
children mechanically ventilated via uncuffed endo- 
tracheal tubes has been reported to be as high as 
77%(1). However, the relationship between endotra- 
cheal tube (ETT) fitness (i.e. loose vs. tight) and 
aspiration during controlled ventilation in children 
is not known. This study therefore was undertaken in 
children to determine the following: 1) the incidence 
of aspiration and its relationship to ETT fitness at 
peak inflating pressure (PIP)during controlled venti- 
lation with uncuffed ETTs and 2) the clinical signi- 
ficance of the ensuing aspirations. 

Methods. We studied 184 patients retrospectively 
and 236 patients prospectively to determine the inci- 
dence of tracheal aspirations of gastric secretions 
and blood during endotracheal anesthesia with neuro- 
muscular blockade and controlled ventilation. Age 
ranged from newborn to 10 years. Tube size was se- 
lected on the basis of previously reported criteria 
(2). Uncuffed Murphy PVC tracheal tubes from the same 
manufacturer were inserted by direct laryngoscopy 
performed with neuromuscular blockade. Following in- 
tubation, laryngotracheal fitness of the tube was de- 
fined in each patient as the PIP in cms H20 at which 
a leak was audible over the larynx, and the stomach 
was suctioned with a 14 Fr. suction catheter. The 
patients were managed with controlled ventilation for 
0.5 to 4 hours until extubation. None of the children 
had evidence of aspiration at laryngoscopy. We re- 
viewed the records of patients undergoing non-oral 
operations (Group 1:N=184) who had a gas leak of 5-20 
cmH20 to determine if signs of pneumonia occurred. 
Patients undergoing oral operations (Group 2:N=136) 
and non~-oral operations (Group 3:N=100) were selected 
for prospective study. Group 2 was further divided 
into 2 subgroups with a gas leak at 5 to 10 cmH20 
(Group 2A:N=68) and 10 to 20 cmH20 (Group 2B:N=68). 
Patients in Group 3 (N=100) underwent procedures in- 
volving body surface and extremities with a gas leak 
at 5 to 20 cmH20. Following extubation, occurrence of 
intraoperative aspiration was defined postoperatively 
as follows: Group l- clinical evidence of pneumo- 
nitis; Group 2- presence of blood (determined by 
Hematest tablet) at the distal tip of the ETT; Groups 
2 and 3- presence of aciġic (pHs2.5 by litmus paper) 
secretions at the distal tip of the ETT; this was 
considered indicative of the presence of gastric 
fluid. Informed consent was obtained from parents 
and approval was granted by the Committee for the 
Protection of Human Subjects. 

Results. None of the patients in Groups 1 or 3 
had evidence of aspiration. The Group 2A children 
(Table 1) with looser fitting tubes had an incidence 
of 48% of blood aspiration. This was significantly 
lower than the Group 2B patients with tighter fitting 
tubes who had an overall incidence of blood aspira- 
tion of 69% (X2 5.13; corrected p<0.05)-. In spite of 
this difference, none of the children in either group 
needed the usual tracheal suctioning measures. None 
of the patients in Groups 2 and 3 had a tracheal tube 
secretion pH<3.0 (Table 2); only 2/236 had pH of 4 
and the remaining 95% had a pH 6 or 7. 

Discussion. The results indicate that clinically 
significant aspiration does not occur during elective 


endotracheal anesthesia with controlied ventilation 
in infants and children. However, controlled venti- 
lation when applied via looser fitting tubes does 
decrease the incidence of blood aspiration during 
general anesthesia for intraoral surgical proçedures. 
We speculate that this occurs because of the delivery 
of fresh gas flow at high velocities during con- 
trolled ventilation. Due to the resulting vortex 
dynamics at the tip of the ETT some of the fresh gas 
exits cephalad around the ETT towards the oropharynx 
and thereby preventing the cauded movement of blood 
and secretions into the larynx and trachea. 

In conclusion, the incidence of blood aspiration 
is lower in children undergoing intraoral surgical 
procedures during controlled ventilation via an ETT 
and with an audible leak at 5-10 cmH20 than those 
with an audible leak at 10-20 cmH20. The aspiration 
of acid gastric fluid (pHs2.5) during elective endo- 
tracheal anesthesia with controlled ventilation was 
not seen in our patient population. 
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Table 1. INTRALUMINAL TRACHEAL TUBE BLOOD 
OCCURRING IN INTRAORAL PROCEDURES 


LEAK GROSS OCCULT TOTAL 


PRESSURE BLOOD BLOOD 
PROCEDURES N (cmH20) BLOOD ONLY 
T&A 54 5-10 6 15 21 
54 10-20 6 27 33 
PHARYNGEAL 3 5-10 O 2 2 
FLAP 3 10-20 3 0 3 
CLEFT 7 5-10 2 5 7 
PALATE 7 10-20 3 4 7 
DENTAL 4 5-10 1 2 3 
PROCEDURES 4 10-20 2 2 4 
ALL 68 5-10 9(13%) 24(35%) 33(48%) 


PROCEDURES 68 10-20 14(21%) 33(49%) 47(69%) 


Table 2. INTRALUMINAL TRACHEAL TUBE pH OCCURRING 
IN INTRAORAL AND SUPERFICIAL PROCEDURES 

















LEAK 
PRESSURE pH 

PROCEDURES N  (e¢mH20) 3 4 5 6 7 
T&A 54 5-10 o o0 5 9 40 
54 10-20 0 0 2 2 50 
PHARYNGEAL 3 5-10 o Q 0 0 3 
FLAP 3 10-20 o o0 0 0. 3 
CLEFT 7 5-10 o 0 0 i 6 
PALATE 7 10-20 0 1 0 0 6 
DENTAL 4 5-10 o o0 0 0 4 
PROCEDURES 4 16-20 o 0 L 0 3 

SUPERFICIAL 
PROCEDURES 100 5-20 l 1 52 46 


0 
ALL Oo 2 9 64 161 
PROCEDURES 236 (0.8%) (3.8%) (27%) (68%) 
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Introduction. High-dose pancuronium (0.15 
mg/kg) provides rapid muscle relaxation in patients 
with open eye injuries and full stomachs. Although 
high-dose pancuronium does not significantly 
increase intraocular pressure itself(1), the 
effectiveness of high-dose pancuronium, followed by 
thiopentone, and atropine in attenuating the 
intraocular response to laryngoscopy has not been 
established. Intravenous lidocaine has been 
effective in attenuating the reflex circulatory 
responses to laryngoscopy(2) and may further 
attenuate the reflex intraocular responses to 
laryngoscopy. Therefore, we determined the 
effectiveness of this drug regimen with and without 
intravenous lidocaine to attenuate the intraocular 
pressure response to laryngoscopy and endotracheal 
intubation. 

Methods. With approval from the committee on 
human research and informed written consent, 20 
patients, ages 1-10 years, scheduled for minor 
surgery and requiring endotracheal intubation, were 
studied. The patients were ASA 1 or 2, fasting, 
and unpremedicated. Patients were excluded if 
there was any history of glaucoma or intraocular 
disease, renal insufficiency, neuromuscular 
disease, or if a difficult intubation was 
anticipated. After inserting a #25 gauge butterfly 
in the hand, either sterile water (2 ml) (n=10) or 
preservative~free lidocaine (1.5 mg/kg) (n=10) was 
administered, followed immmediately by pancuronium 
0.15 mg/kg. As soon as evidence of weakness 
appeared, anesthesia was induced with a mixture of 
thiopentone (5 mg/kg) and atropine (0.02 mg/kg). 
1004 oxygen was administered for one minute. After 
a rapid atraumatic oral intubation, ventilation was 
controlled with 1-1.5% halothane in a nitrous 
oxide/oxygen (70/30) mixture to maintain 
normocapnia. Intraocular pressure was measured 
with a hand~held Perkins applanation tonometer, at 
the time of loss of the eyelid reflex (control time 
0O), immediately after intubation, and each minute 
thereafter for five minutes. Heart rate and blood 
pressure were also recorded. Positive 
end-expiratory pressure was avoided. External 
pressure on the eye was avoided. All patients were 
horizontal and supine throughout the study period. 
Statistical significance (P <0.05) was determined 
using the Bonferonni t test, two-way ANOVA, and the 
Student-Newman-Keuls multiple range test. 

Results. Age, weight, and control values for 
intraocular pressure, heart rate and blood pressure 
did not differ between the two groups. In the 
group pretreated with sterile water, intraocular 
pressure increased significantly (P<0.05) above 
control values after laryngoscopy whereas in the 
group pretreated with lidocaine, intraocular 
pressure did not increase after laryngoscopy, but 
decreased significantly below control values within 
5 minutes (P <0.05) (figure). In the group 


pretreated with sterile water, intraocular pressure 
was significantly greater than in the group 
pretreated with lidocaine at all times (P <0.05), 
except for control values (figure). Heart rate and 
systolic blood pressure were unchanged during the 
study period. 

Discussion. Intraocular pressure increased 
significantly (P <0.05) after laryngoscopy and 
endotracheal intubation in children anesthetized with 
high-dose pancuronium followed by thiopentone and 
atropine, although the increase was less than 
reported previously with other drug regimens(1). 
Pretreatment with intravenous lidocaine (1.5 mg/kg) 
immediately prior to pancuronium, significantly 
attenuated the increase in intraocular pressure after 
laryngoscopy and endotracheal intubation. The latter 
drug regimen is recommended for induction of 
anesthesia in children with open eye injuries and 
full stomachs, providing there are no contra- 
indications to the regimen (see methods) and a 
secure intravenous access is maintained. 
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Introduction. Some controversy exists as to the 
usefulness of postoperative breathing devices. These 
devices can either encourage a large inhaled volume 
or a rapid inspiratory flow. This study was designed 
to compare the effectiveness of these devices in pre- 
venting atelectasis in patients undergoing thoracic 
surgery. 


Methods. Patients scheduled for thoracic surgery 
were visited on the day prior to operation by a physi- 
cal therapist. They were randomly assigned to use 
postoperatively either Triflo (Cheeseborough Ponds, 
Inc.), a rapid inspiratory flow device or Volurex 
(DHD Medical Products), a large inhaled volume device. 
They were instructed in the use of the device and 
were again seen daily postoperatively by the physical 
therapist to ensure correct use of the device. In 
addition, they were postoperatively routinely encour- 
aged by the nurses to use their device. 


Chest radiographs obtained daily for the first 
six days postoperatively were reviewed by a radiolo~ 
gist. Each lung was divided into three zones, (upper, 
mid, and lower), and was graded for atelectasis on a 
scale of 1-5; a total score was then obtained by sum~ 
mating the scores for each zone. After discharge 
from hospital, patient age, sex, preoperative pulmo- 
. nary functions, type of operation (resection of lung 
tissue, esophageal surgery, or thoracotomy) and daily 
highest temperature for five days postoperatively 
were recorded, 


Patients were later excluded from the study if 
they required ventilation for more than twelve hours 
during the first week postoperatively, or if they 
died in the hospital prior to discharge. 


Statistical analysis was performed using two-way 
analysis of variance (the effect of breathing device 
and postoperative day on temperature and X-ray score), 
chi-square (sex and type of operation for each de- 
vice), and Student's T (age and preoperative pulmo- 
nary functions for each device) (1). 


Results. A total of 60 patients were included 
in the study. The number of patients, male:female 
ratio, proportion undergoing each type of surgery, 
and preoperative pulmonary functions for each breath- 
ing device are listed in Table 1. No significant 
difference was found in the characteristics of either 
group. The overall highest temperature and radiolo- 
gic atelectasis score are listed in Table 2. 


Discussion. A variety of postoperative maneu~ 
vers are utilized to decrease postoperative pulmonary 


insufficiency. Bartlett (2) described an incentive 
spirometer based on the volume principle that dimin-~ 
ished A-a gradient and reversed atelectasis. Many 
deep breathing devices currently used encourage only 
a rapid inspiratory flow rate. However, a rapid in- 
spiratory flow could be achieved without obtaining a 
large tidal volume. The rapid flow devices are more 
popular because of cost as well as portability. 
Lederer (3) compared flow and volume devices and could 
find no difference in pulmonary functions or tempera~ 
ture on a daily basis. The use of these devices were 
left to the initiative of the patient. Also, they did 
not examine the overall effect of their devices on the 
measured variables. 


In our study, patients using the Triflo had 
significantly less atelectasis and lower temperatures 
than patients using the Volurex. The radiographic 
appearance of atelectasis is nonspecific and the 
scores may represent other forms of pulmonary infil- 
trate. Yet, our findings are contrary to the feeling 
by many that the volume devices are preferable. Fur- 
ther work will be necessary to determine which breath- 
ing pattern is most effective in reducing post- 
Operative atelectasis. 
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Table 1 
Triflo Volurex 
eee aer oe pas CC 
M:F ratio 19/14 10/18 


Lung resection/ 





esophageal/thoracotomy 15/12/6 9/9/10 

FEVl1-preop L/min 2.41 2522 

FVC-preop L/min 3.24 3.04 

FEVL/FVC-preop 0.75 0.75 

Table 2 
Triflo Volurex Significance 

Temperature (°C) 37.5 37.8 p<0.001 
Atelectasis Score 3.1 5.2 p<0.001 
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Introduction. The change of cardiovascular sta- 
tus may occur rapidly, on a beat-to-beat basis in the 
critically ill patient, therefore, it is advantageous 
to rely on the direct intravascular blood pressure 
measurement in management of critically ill patients. 
Although change of intravascular pressure alcne with- 
out a knowledge of the simultaneous change of blood 
flow, it is difficult to make full interpretation of 
hemodynamic changes, but clinically intravascular 
pressure monitoring still provide very important in- 
formation about the changing status of the circula- 
tion. The radial artery (RA) is the most commonly 
cannulated site for direct arterial pressure monitor- 
ing during major surgery. Discrepancies have often 
been encountered between the pressure recorded from 
the RA and a central arterial pressure measured at 
the aortic root following cardiopulmonary bypass. 
Therefore, a prospective study was carried out com- 
paring the arterial pressure obtained from the RA and 
the femoral artery (FA). 


Methods. Thirty consecutive cases undergoing 
cardiac surgery with cardiopulmonary bypass were se- 
lected for the study. RA and FA were cannulated per- 
cutaneously with a #20 angiocath and connected to the 
same transducer with the same length of extension 
tubing. Pressures were recorded and compared at the 
following times: (1) control (prior to chest incision) 
(2) application of the sternal retractor, (3) during 
bypass, and (4) off bypass but prior to protamine ad- 
ministration. In the following table, the per cent 
variation of the RA pressure from the FA pressure is 
shown for the various times, 


Results. (1) (2) (3) (4) 
SYSTOLIC 98.445.1 91.8+11.1° l 83.9410.2° 
range (85-105) (70-111) (56-102) 
DIASTOLIC 99.742.2 98.5+6.0 97 .243,9° 
range (94-104) (73-104) (88-103) 

$ * * 
MEAN 99.2#2.5 95.445.6  93.249.4° 95.424.8 
range 93-104 89-103 67-116 78-100 


@ P<0.005 * P<0.001 


Discussion. The results demonstrate the inaccu- 
racy of RA measurement following cardiopulmonary by- 
pass. There is heavy reliance on hemodynamic measure- 
ments in the use of vasopressors in perioperative 
care. The underestimation of pressure by RA monitor- 
ing will be misleading and cause the inappropriate 
overusage of vasopressors in some clinical situations. 
Conversely, postoperative hypertension in the recovery 
room may be underestimated by the RA pressure reading 
and result in the perpetuation of excessive left ven- 
tricular overwork. A change in the peripheral vascu- 
lar bed resistance, third space fluid shifts during 
bypass, and the application of the sternal retractor 
(similar to the thoracic outlet syndrome) may all con- 
tribute to the discrepancy. The comparison of RA 
pressure measurement and pressures obtained from an 
aortic root cannula immediately following bypass will 
demonstrate the degree of difference and protect the 
patient from possible mismanagement. Therefore; the’ 
central arterial pressure monitoring via femoral ar- 
tery or brachial artery in lieu of radial artery 
should be recommended for the infants, and for the 
patients with poor left ventricular function. 
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Introduction. The beta blocker propranolol and 
the calcium entry blocker verapamil are often used 
for the treatment of tachydysrhythmias. Both 
propranolol (P) and verapamil (V) depress cardiac 
function. Reports on the interaction of P with V 
are controversial. In unanesthetized man on chronic 
P therapy, treatment with V has been reported on the 
one hand to have negligible (1) and on the other to 
have significant (2) negative inotropic effects. We 
investigated whether acute pretreatment with P 
alters the hemodynamic response to intravenous 
verapamil in anesthetized dogs. 


Methods. Ten mongrel dogs (20 to 23 kg body- 
weight) were studied. Anesthetic management 
consisted of secobarbital (25 mg/kg I.¥.), followed 
by tracheal intubation and maintenance of anesthesia 
with 50% N.0 in O, and isoflurane (1% inspired con- 
centration Mechanical. ventilation of the lungs 
was adjusted to keep PaC0. between 35 and 40 mm'Hg. 
Heart rate (HR) was obtained from the EKG. 
Retrograde catheterization of femoral and carotid 
arteries with 7 F Millar catheters provided left 
ventricular end-diastolic pressure (LVEDP), peak 
dP/dt and systemic blood pressure (BP). A 7F 
pulmonary artery (PA) catheter provided PA pressure 
(PAP) aid PA occluded pressure (PAOP). Cardiac 
output (CO) was measured in triplicate by 
thermodilution (Edwards). Mean BP (BP), mean PAP 
(PAP). stroke volume (SV), systemic (SVR) and 
pulmonary (PVR) vascular resistance were derived 
from standard formulae. All dogs underwent 
laparatomy with exposure of the infrarenal abdominal 
aorta (IAA). A Gould-Scatham electromagnetic flow 
probe was positioned around the IAA to measure IAA 
flow (QIAA). Five dogs (Group V) received an IV ` 
bolus of 300 mcgr/kg of verapamil over 2 min 
followed by a 20 min infusion of 6 mcgr/kg/min of 
V. Five. other dogs (Group PV) received an IV bolus 
of propranolol (0.5 mg/kg), followed 20 min later 
by the verapamil regimen given to the dogs in Group 
V. Hemodynamic measurements were taken before the 
V bolus (baseline = B), 3 min following the 
completion of the V bolus he ae (Vs) and after 
20 minutes of V infusion Analog signals 
were recorded on a 6- eae aa Strip chart 
recorder. Data analysis included one-way analysis 
of variance, Newman-Keuls tests and unpaired T 
tests. 


Results. Mean values and standard deviations 
(SD) of hemodynamic variables appear in Table. At 
B, there were no statistically significant dif- 
ferences between the groups. Verapamil treatment 
caused in Group V overall statistically significant 
changes (oné-way analysis of variance) in HR 
(Pp < 0.05), BP (P < 0.005), PAP (P < 0.05) and QIAA 
(P < 0.01). More specifically BP dropped and PAP 


and QIAA increased at V At ¥ HR and BP were 
Tower and PAP, PVR and IAA hightr that at B. In 
Group PV, verapamil treatment resulted in overall 
significant changes _ (one-way analysis of variance) 
in HR (P < 0.01), BP (P < 0.01), CVP (P < 0.01) and 
peak dP/dt (P < 0.005). More specifically, HR, BP, 
and peak dP/dt dropped at V.. At Van, HR, BP and 
dP/dt were still decreased 2nd CVP {Rereased as 
compared to B. The HR difference between B and V 
was significantly larger (P < 0.025) in the PV 
group (-19 beats/min) as compared to the V group 
(-7 beats/min). 


20 


Discussion. Verapamil depressed cardiovascular 
function in the presence as well as in the absence 
of propranolol. However, while FR and BP decreased 
in both groups, HR was much more affected in group 
PV. Further, P pretreatment seems to influence less 
the PAP and PVR response to V. Taking peak dP/dt as 
a more specific index of contractility, the cardiac 
depressant effect of V became much more apparent in 
the presence of P. Finally, P pretreatment appears 
to abolish verapamil-induced redistribution of blood 
flow to the IAA. In conclusion, in isoflurane- 
anesthetized dogs, pretreatment with propranolol 
enhances verapamil-induced negative cardiac 
chronotropic and inotropic effects. 
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TABLE 


pv nnn ne ee en nc ee A ea A 


Group Y {n = 5} 


a amanmenmennntinnndtien at 


Group PV fn = 5} 


RLM etal TT, 


B Yg Y2g f Yi Y20 
BP (mmHg) 126(27)  92(19) 110(30) 11019) 89015) 92(10) 
TVP (mmHg) 5{3) 3{2) at) 4.2{1) 6.501) 7.3(2) 
PAP (mmg) 1403) 13¢3) 14(3) 13(1) 18{2) 140) 
PAOP (mmitg } 7.3(3) 7.6(2} 7.4{2) 114) 13(5)} 13{5} 


dP/dt(mmtig/s) 1499(223) 1220(454) 1327(542)  1395(346) — 971{140)  1008(135) 
` tt 


LVEOP (mmHg) 8(4) 7(3) 9(4) 10(4) 12(3) 12(3) 
co(Lymin) 3.5(.4) 3.70.7) 3AB) 3O) RII) 2.10.6) 
S¥{cc/beat) 29(3) 29(4) 27(6} 25(8) 24(6) 21(5) 
SVA(Units) 33(6} 26{3) 35(13} 37004) 35{8) 42011) 
PVR{Units} ł.2(.5)  1.8(.7} 2.3{.5) 1.20} ¥.S(7.1)  1.8(1) 
QIAA(cc/beat} 1.2(.4} 1.7(.5) ¥.5(.5) -9(.4) 1.0(.4} -8(.3) 


rm e a e a SAGA A aae RM I 


Mean values (SD) of hemodynamic variables before (B), 3 mins. after Y bolus (Ys), 
and after 20 mins. of V infusion (Ysa) with (Group Al and without (Group } 
propranolol pretreatment. Change ffm baseline{ p < 0.05 (*); p < 0.01 (**})) and 
change from previous condition{ p < 0.05 (#)}) by Newman-Keuls test. 
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introduction. Muscle relaxants are selected for 
their safe use during neuroanesthesia based upon 
their hemodynamic and intracranial effects. Pancu- 
ronium is commonly used, and while tt does not 
change intracranial pressure (ICP)(1), it does have 
significant cardiovascular effects(2). Succihylcho- 
line and d-tubocurarine have been shown to have ad- 
verse effects on both parameters(3,4). Because atra- 
curium, a new intermeciate acting competitive neuro- 
muscular blocking agent, has minimal cardiovascular 
effect(5), it may not have a significant effect on ICP, 
similar to vecuronium(6)., Heart rate (HR), ICP and 
mean arterial pressure (MAP) after atracurium were 
studied in cats with normal and artificially élevated 
ICP. 

Methods. Six cats (4.0-5.0 kg) were anesthe- 
tized with intraperitoneal pentobarbital (33 + 1 
mg/kg); acepromazine (0.4 + 0.1 mg/kg), intubated 
and ventilated with nitrous oxide 65% in oxygen to 
maintain a PaCO. of 34 + 2 mmHg. Heart rate, MAP 
and arterial bloéd gas samples were obtained from a 
femoral artery catheter. Sciatic nerve twitch respon- 
ses were recorded with a Grass force-displacement 
transducer. Rectal temperature was maintained at 36 
+ 0.3°C throughout the experiment. A 19 gauge nee- 
dle was secured in the cisterna magna {CM} to moni- 
tor IGP. Heart rate, ICP, MAP and twitch response 
were continuously recorded. With ICP normal, base- 
lines were established and control’ measurements 
taken, Atracurium (0.4 mg/kg, 2xED 95) was injec- 
ted and responses in MAP, HR, ICP were recorded 
until the twitch response returned to control. 

Baselines were reestablished and ICP was in- 
creased by infusion of buffered Ringer's lactate solu- 
tion throughout the CM needle to maintain ICP at 27 + 
1 mmHg. Control measurements were taken and drug 
administration was repeated for each group and res- 
ponses récdrded. Values for ICP, MAP and HR used 
for analysis were those of greatest change until time 
of recovery of twitch responses. Results were ana- 
lyzed using the 2-tail paired "t" test. 

Results., No significant change in ICP, MAP 
or HR could be-détected after atracurium 0.4 mg/kg 
when ICP was normal or elevated (table). No appa- 
rent change in cerebral perfusion pressure (CPP) oc- 
curred during muscle paralysis with atracurium in 
normal or elevated ICP. 

Conclusion. Atracurium, like vecuronium, a new 
intermediate acting muscle relaxant may be safe for 
use in neurosurgical patients with mass lesions since 
in this animal model at doses of 0.4 mg/kg, ICP, 
MAP, HR and CPP were not altered. 
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Table: The effect of atracurium on ICP, MAP, HR 
and CPP in cats with normal and elevated 








ICP. 
INITIAL ICP NORMAL 

Control After Drug Change 
ICP 4.7 + 0.6 4.9 + 0,8 0.25 + 0.3 
MAP* 87 + 4 91 +5 4.2 + 3 
HR** 178 + 5 182 4 5 3.3 + 6 
CRP? 75 + 6 76 + 6 4.1 + 3 

ICP ELEVATED 

Control After Drug Change 
ICP* 27.0 £ T3 26.6 + 1,2 “1,0 2.053 
MAP* 102 + 6 105 + 5 .2.4 £ 3.2 
HRES 179 + 6 183 + 8 4,3 + 3.1 
CPP* 75 + 6 76 + 6 Pe ee aa Pf 
* mmHg 


** beats/minute 


All values are mean + standard error. n= 6, no 
changes were statistically significant. 
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Introduction. Rat models of HH have required 
administration of halothane (H) with enzyme 
induction and hypoxia, or other "conditioning" 
factors. This paper reports a G-P model which does 
not require such factors. 


Methods. I. Time Course of HH. 45 male 
outbred G-P were exposed to 1% H in air for 4h in a 
chamber which permitted control. of temperature and 
respired gas concentrations. Groups of G=P were 
sacrificed on days 1, (n=10) 2, (n=15), 3 (n=10) 
and 7, (n=10) after: H and serum alanine 
aminotransferase (ALT) measured. At each killing 
time unexposed G-P were killed. Liver sections 
were coded and examined by light microscopy (1M): 
severe damage was characterised by confluent 
necrosis around the central vein, mild damage by 
scattered foci of necrosis. II. H., Metabolism and 
Hepatotoxicity of H, 10 G-P were anesthetised(see 
experiment D and 10 control G-P were placed in a 
similar chamber but breathed only room air for 
4n. Breath samples were taken every 20min and 
assayed by GLC for 2-chloro~-1, i-difluoroethylene 
(CDF) and 2chloro-1,1,1-trifluoroethane (CTF). 
Urine was collected for 24h before and after H for 
measurement of trifluoroacetic acid (TFA) by MR 
spectrometry, and for inorganic fluoride activity 
(EF) by an ion specific electrode. 48h after H, 
all GP were killed and serum ALT measured and 
liver pathology assessed. III. Effect of SKF- 
525A. 55 G-P were randomly divided into 4 groups: 
Gp 1, H 1% for 4h in air (n=20), Gp 2, SKF-525A 
125mg/kq ispe, followed 1h later by H 1% for 4h in 
air (n=20); Gp 3, SKF=525A, 125mg/kg, i+p.(n=10) ; 
Gp 4, 0.9% NaCl imi/kg, i.p», (n=5). Gp Í and 2 G-P 
were anesthetised as in I. and CDF, CTF 
determined. Gp 3 and 4 G-P breathed air as in 
Il. 48h later, all G-P were killed. Blood was 
collected for ALT and liver tissue for IM. IV. 
Hemodynamics ard Hepatotoxicity of H compared to 
isoflurarie. Cannulation of the left carotid artery 
was performed in 15 G-P after fentanyl 200 u g/kg 
and 3img/kg methohexital. G-P were allowed to 
recover and then received either 1% H (n=10) or 
1.1% isoflurane (n=6) for 4h in air. Arterial 
blood gases were measured before, and at “th 
intervals during, anesthesia. Mean arterial blood 
pressure (MAP) was continuously recorded 
(Mingograph 82). All G-P were killed at 48h for 
ALT and IM. 


Results. I; 24h after H there was no evidence 
of HH. On day 2, 9 of the 15 G-P sacrificed had 
HH. Of these, 5 had severe liver necrosis and high 
ALT, 578.8 + 121.2 (SEM) IU/l. The remainder had 
mild damage by IM and mild increases in ALT, 127.6 
+ 11.1 (SEM) IU/l. ‘The frequency and severity of 
damage was similar on day 3. On day 7 after H, HH 
was not apparent. 10 control G-P, had normal 
livers by IM, and by ALT 67.4 + 6.9 (SEM) IU/L. 


If. Plateau levels of CTF, CDF were reached 80min 
after starting H: CTF, 2.5 ppm and CDF, 0.3 ppm. 
Urinary F was increased post H to 2.8 + 0.3 (SEM) 
compared to pre~H, 0.8 + 0.1 (SEM} Lmol/day (P < 
0.001, Student's paired t test). Urinary TFA was 
undetectable pre=H and was 41 + 5 (SEM) U mol/day 
post-anesthesia. III. Administration of SKF 525A 
prior to H decreased levels of CTF, 1.3 + 0.2 (SEM) 
ppm and CDF was undetectable compared to H 
treatment alone: CTF, 2.6 + 0.1 (SEM) and CDF 0.5 + 
0.1 (SEM) ppm {p < 0,001, Student's unpaired t 
test). SKF 525A also decreased HH from 10/20 G-P 
in Gp 1 to 4/20 G-P in Gp 2 (p <0.05). 6/10 G-P 
with HH in Gp 1 had severe damage whereas 4/4 with 
HH in Gp 2 had only mild damage. IV. Pre- 
anesthesia MAP was 88 + 4 (SEM) mmHg in Gp 1 and 88 
+ 5 (SEM) mmHg in Gp 2. The greatest decrease in 
MAP (A MAP) occurred within the first h of H 45 + 2 
(SEM) and during the second h of isoflurane 46 + 3 
(SEM). 4 G-P which developed severe HH following H 
had comparable A MAP 45 + 3 (SEM) to those without 
HH, A MAP, 45 + 4 (SEM). Liver damage was not 
observed in G-P administered isoflurane although 
they had similar A MAP. Blood gases during H and 
isoflurane were similar: e.g. for H anesthesia pO, 
83 + 3 (SEM) mmHg, pCO, 32 + 2 (SEM) mmHg pH 7.4 + 
0.1. 


Discussion. In G-P HH is associated with H 
metabolism without conditioning factors. HH is 


delayed in onset and occurs reproducibly, but only 
in a percentage of animals. Neither anesthesia per 
6@ nor alteration in cardiorespiratory function 
appear to be responsible for HH. Further studies 
in our laboratory have confirmed a similar response 
to H exposure in susceptible G-P one month after 
recovery, whereas non-Susceptible G-P did not 
develop HH following re-exposure to H., The present 
data, and reports of a genetic influence on 
susceptibility to HH among different rat strains 
and in some humans“, indicate that pharmacogenetics 
is an important etiologic factor in HH. Also the 
G-P model provides the opportunity to study the 
pathogenesis of HH in the absence of conditioning 
factors”. 
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Introduction. Isoflurane is a useful anesthetic These patients had no angina and normal cardiac 
agent for neurosurgical procedures and for the enzymes. The changes seen on the ECG may indicate 
production of induced hypotension. Recently Reiz the effects of cerebral hemorrhage or -intracranial 
et al, reported that patients with coronary artery surgery. The 2 patients with CAD showed no 
disease (CAD) given isoflurane anesthesia may evidence of ischemia. 
develop ST segment depression indicating myocardial We conclude that (1) isoflurane induced hypo- 
ischemia.+ the purpose of this study was to tension is safe for the myocardium, and (2) ECG ST 
investigate the effect of isoflurane induced hypo- segment changes may occur postoperatively following 
tension on the myocardium of neurosurgical patients vascular neurosurgical procedures which may not be 
as reflected by changes in ECG and cardiac enzymes. indicative of myocardial damage. 

Method. This study was approved by our =thics Reference. 

Committee and informed consents were obtained. l. Reiz S, Balfors E, Sorensen MB, Ariola S, 
Twenty-one patients were studied, 18 with cerebrali Friedman A, Truedsson H. Isoflurane - a powerful 
aneurysms and 3 with arterio-venous malformations coronary vasodilator in patients with coronary 
(AVM). A standard 12-lead electrocardiogram (ECG) artery disease. Anesthesiology 1983;59.:91-97. 
and cardiac enzymes (CPK, LDH and isoenzymes! were 

obtained preoperatively. Patients were unprenedi- TABLE I 


cated and anesthesia was maintained with fentanyl, 
isoflurane, pancuronium and nitrous oxide. ECG (lead 
II) and a 2~channel Holter monitor (leads V} and Intraocp Recovery Postop 

modified Vs) were monitored intraoperatively. A (Lead II) Holter Room Day l Day 2 Day 3 
12-lead ECG was obtained in the Recovery Roon and > 3 7 10 1 5 
daily for 3 postoperative days. Intraoperative 
cardiac enzymes were measured during hypotension, 
posthypotension and postoperatively q6h for the 
first 24 hours, gql2h for the second 24 hours and FIG. I 
once on day 3. 


NUMBER OF PATIENTS WITH ECG CHANGES 










Results. The mean age of the patients was 46+12 600 p ae Hele 
yrs. Twelve patients were controlled hypertensives x CPK3 
and 2 had a history of CAD. The ECG results are 500 z p (0-05 
shown in Table I. Preoperative ECG abnormalities ( n= l8,aneurysm only } 
included non-specific ST-T wave changes and axis “00 
deviation. Holter monitoring showed ischemic changes CPK 
in 1 patient and arrhythmias in 2. The ECG changes UNITS-[-F 500 
that occurred in the Recovery Room and on post- 
operative days 1 and 2 consisted of diffuse non- 200 
specific ST-T wave changes which cleared by day 3. 

The mean time of isoflurane induced hypotension was 100 
81.2 min (range 10 to 395 mins). The mean level of 
hypotension was 49 mmHg (40 to 65 mmHg). o 


CPK increased in all patients following surgery 
(Fig. 1) but the increase was CK3 (skeletal muscle}. 
Isoenzymes LDH} and LDH (cardiac) and the ratio POINTS of SAMPLING 
LDH1/LDH, (Fig. 2) showed no significant increase. 


I! 2 3 45 6 7 8 8 fp 


Discussion. Reiz et al, suggested that coronary 
steal may occur because isoflurane is a potent 
coronary vasodilator. However, we are unaware of FIG H 
any evidence of myocardial ischemia or infarction 
intraoperatively or postoperatively with isoflurane- 


induced hypotension. In this study with isoflurane- lO e LDH, A oy + SEM 
induced hypotension there was no evidence of myo- 0-9 2 
cardial infarction by clinical history, ECG or 
cardiac enzyme measurement. The one patient who did O-E 
develop ischemia on Holter monitoring during hypo- LDH, 0-7 
tension had no enzyme changes nor further ECG changes. LDH 
Of the 9 patients who had subarachnoid hemorrhages 0-6 
6 patients had abnormal preoperative ECG's. This is 
consistent with the known observation that many O'S 
patients with cerebral hemorrhage develop ECG 0-4 
abnormalities which may not indicate myocardial 
damage. Of interest, there were frequent ECG | 2 34 5 6 7 8 ¥9 #10 
abnormalities, mostly non-specific ST-T wave char POINTS of SAMPLING 


in the Recovery Room and first postoperative day 
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Introduction. Drug of choice for rapid onset of 
neuromuscular (NM) paralysis in emergency situations 
continues to be succinylcholine (SCh). In certain 
pathological states such as burns and denervation 
syndromes SCh is contraindicated because of the 
possibility of a hyperkalemic response, ! and an 
alternative is needed. 

Higher doses of nondepolarizing NM relaxant can 
produce rapid onset of NM paralysis in normal pa- 
tients.” Following burns and denervation, the dose 
and serum concentration requirement of nondepolari- 
zing NM relaxants for effective paralysis is 
increased two- to threefold.’ These large doses may 
cause unacceptable cardiovascular responses. The 
combination of Pancuronium (Pm) and Metocurine (mTc) 
causes minimal alterations in heart rate (HR) and 
blood pressure (BP), while the onset and recovery 
from NM paralysis is more rapid.’ In this study we 
evaluated the cardiovascular and NM pharmacodynamic 
effects of high dose Pm-mTc combination in acutely 
burned and reconstructive surgery patients. 


Methods. The study was approved by the Human 
Studies Committee. Thirty-three children 1-17 yrs 
of age were studied. Fifteen patients with acute 
burns and 18 recovered burned patients scheduled for 
reconstructive surgery ected as controls. The 
clinical variables are summarized in Table l. 

Table 1 Clinical Variables (Mean + SE) 


Reconstructive Burns 
Age (yr) 9.3 + 1.3 10 Ł 1.1 
Weight (kg) 40.2 + 4.5 43.5 Ł 6.1 
Time after burn (weeks) 270 + 52 3.6 4.1.4 
Burn size (%) - 65.3 + 6.3 


In all patients anesthesia was induced with in- 
travenous (iv) thiopental or rectal methohexital and 
maintained on N,O + O, and narcotic. NM transmission 
was Studied by stimulation of the ulnar nerve by 
supra maximal pulses of 0.2 ms duration at a fre- 
quency of 0.15HZ was used. The thumb adduction was 
recorded through a force displacement transducer. 

Following the establishment of a stable HR, BP, 
and twitch tension, predetermined doses of Pm/mTC 
combination were administered. The ED,,. for Pm/mTC 
combination in reconstructive surgery and burned 
patients were 0.015 mg/kg and 0.035 mg/kg of Pm and 
0.05 mg/kg and 0.125 mg/kg of mTc respectively.“ 

Two and 3 times the EDgs doses of the combination of 
these relaxants were administered (Table 2). The 
changes in HR and systolic BP were noted at 4, 1, 3, 
and 5 mins. The time to reach 95% twitch depression 
and the time for spontaneous recovery from maximal 
depression to 25% of control twitch height were also 
noted. ‘The t-test was used to evaluate statistical 
significance. 


Results. 


Table 2 Pharmacodynamics 


Reconstructive Burns 
2xEDgs5 3xEDgs5 2xED95 3xEDg¢5 
Dose Pm/mTc .03/.1 .045/.1 .07/.25 .105/.375 
(mg/kg) 
Time to 95% 4.34.7 1.844.4% 3.14.9 1.3+4.2% 
depression (mins) 
Time to 25% 4624 86418 113418t 152+32t 


recovery (mins) 


*p < 0.05 2xEDg5 vs. 3xED,,; 
tp < 0.05 burns vs. equipotent dose reconstructive 
patients 


In both reconstructive surgery and burned 
patients, despite 2xED,, doses the time to 95% 
twitch depression was over three mins. However, the 
use Of 3xEDgs doses resulted in a rapid onset of 
twitch depression. In both groups the high doses 
administered did not result in significant change in 
HR or BP. For the same equipotent dose administered 
burned patients had a longer recovery time compared 
to reconstructive surgery patients. 


Discussion. This study documents a technique 
of administration of nondepolarizing NM relaxants 
that can produce rapid onset with practically no 
change in cardiovascular parameters. The 3xEDg5 dose 
for burned patients is approximately seven times the 
dose for normal patients. Despite such high doses 
the cardiovascular changes were minimal. The major 
disadvantage of this technique is the prolonged re- 
covery time in burned patients, compared to recon- 
structive surgery patients. The prolonged recovery 
time may be related to the altered kinetics reported 
following burns. A dose of 0.105 mg/kg of Pm and 
0.375 mg/kg of mTc in combination is a useful alter- 
native to SCh in patients who have a contraindica- 
tion to SCh and show resistance to nondepolarizing 
NM blockers. 
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Introduction. Previous studies! have demonstrated 
that maximum increases in end-tidal nitrogen (ETN) 
precede maximum decreases in end-tidal CO, (ETCO>) 
during graded low dose (0.25 to 1.0 cc/kg) bolus venous 
air embolism (BVAE). This study was done to assess the 
sensitivity of ETN, measured by mass spectrometry (MS) 
during large BVAE {1.0 to 2.5 cc/kq). 

Methods. Five preconditioned mongrel dogs (14-20 
kg) were anesthetized with IV pentobarbital 30 mgm/kg, 
intubated, and ventilated with a volume cycled ventilator 
(Engstrom 312) at an FIO, of 1.0 (0.04% N 
contamination) to maintain PaCO> between 34-43 mmHg, 
checked prior to each VAE. Anesthesia was maintained 
by constant infusion of low dose thiamylal and 
pancuronium 0.1 mg/kg/h. Maintenance fluids were given 
at 5 cc/kg/h. A precordial Doppler (PD) was used to 
monitor flow disturbances. Direct blood pressure and 
blood gases were obtained from a femora! arteria! 
catheter; a pulmonary artery catheter was inserted to the 
wedge position and the balloon deflated. A forelimb vein 
was used for air injection by hand over 5 seconds. One 
hour of denitrogenation preceded BVAE. 

Mean arterial pressure (MAP), pulmonary arterial 
pressure (PAP), ETNa, ETCO> (Medspec II MS) were 
displayed continuously on a strip chart recorder. 
Temperature was maintained between 36-37°C. Pressure 
transducers were calibrated to atmospheric pressure and 
a 50 mmHg fluid column. The MS was calibrated with 4 
gas combinations: room air; 100% O05; 3.15% No, 96.85% 
Oy; 5.51% CO, 3.32% O5, remainder N, (factory 
cobraied + 0.03%). The MS sensitivity for N- and CO 
was 0.01% and 0.!% respectively. Calibration of the M 
was verified at the end of the experiment and was 
stable. Baseline (BL) measurements were taken prior to 
each BVAE (1.0, 1.5, 2.0, 2.5 cc/kg) and 20-30 minutes 
were allowed for return of al! parameters to BL. 

Following each BVAE, the time to appearance and 
magnitude of the peak changes in ETN, ETCO5, PAP 
were observed. PaCOz and PaO» were measured at the 
time of maximal depression of ETCO>. Changes in MAP, 
PAP were measured at end-expiration. Intrapulmonary 
shunt and cardiac output were not measured. 

The pooled standard deviation (SD) of the baseline 
ETN, and ETCO> values was 0.0!17% and 0.035% 
respectively. Changes in ET values after BVAE were 
considered significant if they exceeded BL values by 
35D. Changes in MAP and PAP were considered 
significant if they exceeded BL by 25%. The t-test for 
paired differences was used in data analysis. 

Results. Changes in the PD sounds were heard with 
all air doses in all animals. ETN: A biphasic pattern of 
ETN, elevation, depression below BL, and return to BL 
was seen in 4 of 5 animals at 1.0 and 1.5 cc/kg BVAE and 
in all animals at 2.0 and 2.5 cc/kg. The peak increase in 
ETN, (Amax) was dose-related and significant in all 
animals at all air doses (Table !). The peak decrease in 
ETN was significant in 4 of 5 animals at 1.0 and 1.5 
cc/kg and in all animals at 2.0 and 2.5 cc/kg. The time to 
å max ETN» elevation was earlier than A max ETCO, and 
A max MAP after all BVAEs (p < 0.05) and was not 
significantly earlier than 4 max PAP (Table 2). The time 
to Amax ETN- depression was later than A max ETCO2 


and Amax PAP (p < 0.05) and was not significantly later 
than Amax MAP. ETCO,: The Amax ETCO, was 
significant in all animals at all doses (Table !). The time 
to Amax ETCO, was later than Amax PAP in all BVAEs 
(p < 0.02) and was not significantly earlier than A max 
MAP (Table 2). PAP: The increase in PAP was dose- 
related and significant in all animals at all doses (Table 
I). The time to Amax PAP was earlier than A max MAP 
in all BVAEs (p < 0.05} Table 2). MAP: The decrease in 
MAP was significant in 2 of 5 animals at |.0 cc/kg, 3 of 5 
at 1.5 cc/kg, and 4 of 5 at 2.0 and 2.5 cc/kg BVAE. The 
peak MAP decrease was dose-related (Table !) and at 
least 19% in all BVAEs. 

The animals were not terminated therefore there 
was no definitive indication that pulmonary and cardiac 
abnormalities were absent. 

Discussion. ETN, is more sensitive than ETCO 
and as sensitive as PAP in the detection of large BVAE. 
Characteristically, ETN» and PAP peak simultaneously 
and precede maximum depression in ETCO, by 
approximately 50 seconds at all air doses. Increases in: 
ETN still herald the onset of a large BVAE despite 
severe cardiorespiratory embarrassment. The return of 
ETCO and PAP and the biphasic ETN> values to baseline 
all confirm the physiologic resolution of the insult. 
Shared OR mass spectrometers may fai! to identify ETN 
peaks if sampling gaps are greater than 30 seconds. The 
variations in ETN, that occur in normal anesthetized 
patients and during VAE must be established in the clinic 
to assess the sensitivity and specificity of ETN, 
monitoring. 
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Table i: Maximum Change (mean * SD) from Pre-Embolism Control (BYAE) 


coskg 1.0 15 2.0 2.5 


AETN, % — Elevation 8,18 + 609° 8.25 £5.13* G36 +t 6,15° 8.30 2 6.115 
AETNy % — Depression -0,11 + 0,08° -0.06 * 0.03* -0.11 + 0,06° 0.10 * 0.05§ 


APAP (mmHg) 31.4 ¢ 8,05 $8.0 £10.28 43.3 £ 8,25 44.5 ¢ 5.15 
AMAP (mmHg) ~$2.2 215.35 49.3 t 34,4° -67.5 t 46,5° -85.4 $ 45.5% 
šp < 0.01 
% < 0.05 


Table 2: Time to Amax {mean t SD) (seconds) (BYAE) 


æg 1.0 1,5 2.0 2.5 
ETN, % — Elevation 34.8 45.3 33.8 £140 33.2 211.6 31.2 t82 
ETN, % — Depression 256 ¢ 84 270 £67 245 £126 226 £98 
ETCO, % 82.2 2 16.6 1.5 £22.93 TAI 222.9 82.2 £ 17,7 
PAP (mmHg) 36.4 £ 27.4 32.6 23.5 27.8 10.0 26.6 $10.4 
MAP (mmHg) 238 247 192 51 B4 24l 186 +23 
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Introduction. The recommendation that 
monoamine oxidase inhibitors (MAOIs) be discontinued 
at least two weeks prior to elective surgery is 
widely accepted. Those patients who must be 
maintained on antidepressant therapy are usually 
switched from MAOIs to tricyclic antidepressants 
(TCAs) which are thought to pose less risks of 
adverse drug interactions. Recently, we have shown 
that patients on MAOIs,may undergo elective surgery 
without complications. Furthermore, no 
complications were foung in dogs on chronic MAOI 
therapy subjected to repeated weekly anesthesias 
with a barbiturate-enflurane-fentany1l—-N 0/0, 
technique plus repeated challenges with 
norepinephrine and ephedrine.” The purpose of this 
study was to compare the relative hemodynamic 
responses to fentanyl and vasopressors in dogs who 
received a MAOI (tranylcypromine) followed by a TCA 
(imipramine). 


Method. Eight male mongrel dogs, 18-25 kg, who 
were used two months previously for the MAOI study, 
were anesthetized with amylbarbital, 25 mg/kg IV. 
Endotracheal tubes were placed and they were 
mechanically ventilated at 20 ml/kg V_, 12 b/min., 
with 3:1 N,0:0, and enflurane. After percutaneous 
catheters were placed and the end-tidal enflurane 
concentration stabilized at 1% (Engstrom Emma), 500 
mcg of fentanyl was slowly injected IV. After 10 
minutes, samples for blood-gases and plasma 
catecholamines were taken. Blood pressure, heart 
rate, and ECG (lead II) responses to bolus 
injections of norepinephrine (NE), 0.1 - 0.6 meg/kg, 
and ephedrine (EPH), .03 - .12 mg/kg, were recorded. 
Ten to fifteen minutes after the last EPH injection 
{approximately 2.5 to 3 hours post fentanyl), all 
anesthetics were discontinued and the animals were 
ventilated with room air. The times to arousal were 
measured. The dogs then received an injection of 
imipramine, 25 mg I.M., every day for three weeks. 
The animals were returned to the laboratory once 
weekly and the above procedure was repeated. After 
the third week, the TCA therapy was discontinued and 
the measurements were repeated after the first and 
fourth week of recovery. Data were compared by 
ANOVA for repeated measures. 


Results. The BP after 1% enflurane - N,0/0 
anesthesia was not significantly different comparing 
the control period to the period of TCA treatment or 
the recovery period; these values were comparable to 
the observations when the dogs were on an MAOI. The 
hypotensive response following IV fentanyl was not 
significantly greater during either MAOI or TCA 
treatment compared to control. Heart rate changes 
were not significantly different for the NE 
challenges, but the peak BP responses and the ABF 
were significantly greater during TCA treatment 


compared to control and recovery periods. The peak 
BP responses when the dogs were on MAOIL therapy were 
not significantly different from control; however, 
the A BP was reduced during MAOI therapy because of 
an increase in baseline BP. The BP duration 
product (peak BP x response duration) was not 
significantly different and the time for 80% return 
to baseline was greatest during the control week 
prior to TCA therapy. The BP duration product and 
the 80% return to baseline were greatest four weeks 
following discontinuation of MAOIs. One dog, after 
two weeks of imipramine (TCA) treatment, died 
because of ventricular fibrillation after receiving 
0.3 meg/kg of NE; no complications were observed 
during MAOI therapy. Heart rate responses were not 
different for the EPH challenges, but the peak BP, 
ABP, the time to return to 80% of baseline, and the 
BP duration product were significantly greater 
during the control and recovery periods compared to 
the TCA periods. The peak BP, ABP, 80% recovery 
time, and the duration product during MAOI therapy 
was significantly greater compared to control and 
recovery periods. The times to arousal were 
significantly greater during TCA therapy than during 
control, 9.41.6 to 25.144.2 seconds, which again 
was in contrast to the MAOI treatment where arousal 
times were not significantly different. 


Discussion. The results of this study suggest 
that with our balanced anesthesia technique in dogs, 
neither MAOI nor TCA therapy resulted in overall 
adverse responses i.e., hypertension, hypotension, 
hyperpyrexia or coma. Two important exceptions 
should be noted: 1) As previous work has shown, 

TCAs increase susceptibility to lethal arrhythmias. 
2) The sedative effect of TCAs may prolong narcotic 
or barbiturate recovery times. In conclusion, not 
only were adverse responses to fentanyl or 
vasopressors absent in dogs chronically treated with 
an MAOI followed by a TCA, but also there may be 
greater risk in switching patients from an MAOI to a 
TCA prior to elective surgery. 
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Introduction. Both fentanyl? and enflurane ,* 
given alone with oxygen, have been shown not to be 
ideal anesthetics for patients having coronary 
artery bypass grafting (CABG). Even high-dose 
fentanyl does not always maintain circulatory 
depression. Enflurane can do the latter but hyper~ 
tension occurs early on awaking. Induction with 
fentanyl and subsequent controlled circulatory 
depression with enflurane is a popular, effective 
combination. Hence we studied patients having 
that technique for CABG, to document the correlation 
of hemodynamics to coronary sinus blood flow (CSBF) 
and myocardial oxygen and lactate metabolism. 
Sequential studies were done before induction, 6 
times during anesthesia and at l and 24 hours 
afterward. 


Methods. Approval from the Ethics Committee and 
informed consent were obtained. Ten men were 
typical CABG candidates with ventricular function 
preserved. Mean age was 60.8 years and weight = 
81.4 Kg. Nine had Class III or IV disability; 7 
had previous M.I. Mean E.F. = 0.73, C.I. = 2.49 
L/min,“ and LVEDP = 10 mm Hg. All were kept on 
beta blockade until operation. After diazepam and 
morphine (mean 10.5 and 13 mg) and local anesthesia 
in the O.R., a radial cannula and two thermodilution 
catheters were inserted (right internal jugular 
vein): the PA catheter plus a Ganz catheter into 
the mid CS by fluoroscopy. Each study consisted of 
determining C.I., CSBF, arterial and central 
pressures plus arterial and CS samples for Oz, Hb 
and lactate. After induction with I.V. fentanyl 
(30 wo/kg) and pancuronium, enflurane-O2 (average 
inspiratory concentration 1.60%) was given to reduce 
B.P. by 25%, for a mean of 10.2 minutes before 
study 2. After intubation enflurane (up to 2%) was 
given as needed to maintain B.P. below that awake. 
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Results (Table). Mean (M) heart rate: stayed 
slow until postpump. M-mean arterial pressure: no 
hypertension on intubation; was kept below control 
during anesthesia. PCW ~ no change. M-C.I. 
decreased on induction and remained so until 24 
hours later. M-Stroke work I.: decreased throughout. 
M-SV resistance: no change until sternotomy; also 
elevated at 1 hour in I.C.U. M-CSBF: decreased 
after intubation, back to awake level postpump. 
M-CSO2 content increased so MVO, decreased throughout 
M-lactate extraction remained normal. M-awaking time 
= 90 minutes and M-extubating time = 13.5 hours. 

Two patients required nitroprusside for early post- 
operative hypertension. 


Discussion. In CABG patients with good ventricu- 
lar function, kept on beta blockade and well-sedated, 
fentanyl~enflurane provided a smooth induction and 
controlled maintenance hemodynamically. Autonomic 
response to intubation was minimal. Cardiac index 
and stroke work were decreased and heart rate slow; 
hence MVO? likewise lessened. Lactate extraction 
continued: evidence of continued global oxygen 
balance. This combination proved to be a highly 
satisfactory technique. 
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Introduction: Postoperative pulmonary complica- 
tions can be caused by depressed pulmonary function 
associated with incisional pain. Pain relief is 
therefore important, but it must not produce further 
complications or depression of pulmonary function. 
Up. to now, TENS has not been available in the inten- 
sive care units for analgesia because of the marked 
interference with cardiac monitoring devices when 
the stimulating current is applied to the chest 
wall. TENS produces -adequate analgesia following 
upper abdominal surgery (1) and increased vital 
capacity following thoracic surgery after discharge 
from the ICU (2). Therefore, we were instrumental 
in the development of-a TENS unit modified to pre- 
vent interference with the electrocardiograph. This 
study was designed to observe the effects of the 
modified unit, using two different frequencies of 
stimulation, on the postoperative parenteral analge- 
Sic requirements of patients who had undergone 
thoracotomy. 

‘Methods: Three groups were studied during a 12 
month period. All underwent thoracotomy by the same 
surgical team and were managed in the postoperative 
period in the same ICU. Group I--No TENS; control. 
A retrospective feview of the records of patients 
who underwent thoracotomy, before the modified TENS 
unit was available. Group II--TENS at 110 cycles/ 
sec. Group III--TENS at 65 cycles/sec. The group 
details are in Table I. 


Table I 
Group I Group [I Group III 
n=45 N=A2 n=54 

Males/females 26/19 29/13 36/18 
Age-yrs 57.5 55.3 61.2 
MeantS.D. +17.2 +15.4 +13.4 
Duration stimula- 27.1 27.7 
tion (hrs) +13.0 +16.6 
ICU stay (hrs) 25.9 28.2 29.2 
Hospital stay 8.0 9.2 10.2 

days) +7.2 +4.4 +4.6 


Group III patients were significantly older than 
those in group II (P<0.05), but not compared to 
Group I which did not differ from Group II. The 
duration of TENS in the ICU and the lengths of 
hospital and ICU stay were statistically similar for 
each group. More patients in Group I received 
preoperative narcotics (16/45) compared to Group II 
(7/42; P<0.05), but not compared to Group III 
(15/54). 

The details of surgery are in Table II. With one 
exception, all patients received a volatile anesthe- 
tic agent and all but 7 received narcotic supplemen- 
tation during the procedure. 

At the completion of surgery, sterile 6-inch long 
adhesive electrodes were placed on either side of 
the entire length of the closed skin incision and 
covered with the usual dressings. Electrical stimu- 
lation was commenced an arrival of the patient in 
the recovery room at a standard strength of 30 m 
amps and. was continued while effective. Parenteral 


Table II 
«Number of patients — — 


Group I Group II Group III 
Thoracotomy 


right/left 31/14 23/19 27/27 

Pulmonary 36 (80%) 23 (55%) 40 (74%) 
malignancy i 

Pulmonary 38 (84%) 31 (74%) 43 (80%) 
resection 

Pneumonectomy 3 (1%) 7 (2%) 5 (9%) 


narcotics were given at the request of the patient 
or on the judgement of the attending physician that 
TENS was not supplying adequate analgesia despite 
adjustment of the delivered current strength., De- 
tailed records were kept of narcotic administration. 
The amount of narcotics received was standardized 
such that one analgesic unit was defined as being 
equivalent to Fentanyl 0.1 mg, Meperidine 75 mg and 
Morphine 10 mg. The numberof analgesic units for 
each patient was calculated in terms of preoperative 
body weight. Using unpaired "t" tests for measured 
variables and Chi square test for. observed 
variables, Groups II and III -were compared to 
Group I and to each other. This. study fulfilled the 
conditions of the institutional human studies com- 
mittee. 

Results: Before and during surgery, Group II re- 
ceived more narcotics (0.072+0.067 units/kg) com- 
pared to Group I (0.043+0.04 units/kg; P<0.02) and 
Group III (0.045+0.059 units/kg; P<0.05). There was 
no statistical difference between Groups I and III. 
In the postoperative ICU period, the control Group I 
(0.045+0.023 units/kg) required more than both Group 
II (0.03240.029 units/kg; P<0.05) and Group III 
(0.018+0.023 units/kg; P<0.001). Also, Group II 
patients required more narcotics than Group III 
(P<0.02). One patient in Group I received no nar- 
cotics in the ICU. The corresponding number for 
Group II was 5 and for Group III was 12 (P<0.005 
compared to Group I). 

Discussion: The parenteral, epidural and intra- 
thecal routes for analgesia are invasive and not 
without undesired side-effects, complications and 
technical difficulties. On the other hand, TENS 
appears to be without complications and is easy to 
administer. As an initial assessment of its effi- 
cacy, this study has shown that TENS reduces nar- 
cotic requirements in the immediate post-thoracotomy 
period and that this reduction is more marked with 
the slower of the two frequencies of stimualtion 
studied. It therefore appears that TENS is a mod- 
ality of analgesia worthy of further study to deter- 
mine (a) the most beneficial pattern of stimulation, 
(b) if pulmonary function is improved and (c) if 
pulmonary complications are less frequent following 
a decrease in narcotic requirements in the early 
post-thoracotomy period. 
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Introduction. Safe use of muscle relaxants in 
patients suspected of having reduced intracranial 
compliance requires hemodynamic stability and 
minimal impact on intracranial pressure (ICP). 
Both succinylcholine (1) and curare (2) have 
demonstrated the potential to elevate ICP, and 
curare possesses hemodynamic effects (3) that may 
further compromise cerebral perfusion. While 
pancuronium has been shown not to affect ICP (4), 
its cardiac chronotropic effects are well 
documented (3) and increases in blood pressure may 
be deleterious in patients with impaired 
cerebrovascular autoregulation. The hemodynamic 
stability associated with atracuritim (5), however, 
suggests potential for use in neuroanesthesia. To 
date there are no studies to document the effects 
of atracurium on ICP B hunang, 


N 

Methods. The subjects of this study were ten 
consecutive, unpremedicated patients who were free 
of significant cardiopulmonary disease. Patients 
were scheduled for elective craniotomy and tumor 
resection. Preoperative CT scans revealed the 
presence of supratentorial neoplasms greater than 
3 cm diameter in all patients. The study protocol 
was approved by the institutional human studies 
committee and informed consent was obtained. A 
subarachnoid pressure screw, arterial and 
peripheral venous catheters were placed under local 
anesthesia and all pressures were continuously 
transduced and recorded. The zero reference point 
was the external auditory meatus. After a stable 
baseline period of intracranial and arterial 
pressures was observed, intracranial compliance wes 
tested by injection of one milliliter of sterile 
saline through the subarachnoid bolt. Anesthesia 
was then induced with thiopental 4 mg/kg IV and 70% 
nitrous oxide in oxygen. Additional increments of 
thiopental were administered if necessary to obturd 
Tash reflex or allow control of ventilation by face 
mask. Constancy of controlled ventilation was 
monitored with end-tidal] COQ, measurement and 
verified by arterial blood gas determinations 
between 1 and 3 minutes before and after 
atracurium. Following the initial ICP decrement 
from thiopental, intracranial and arterial 
pressures were permitted to return to baseline 
values. Atracurium 0.5 mg/kg was then administered 
intravenously as a bolus and constant controlled 
ventilation was continued until 5 minutes after 
atracurium injection. Adductor pollicis twitch 
height in response te supramaximal ulnar nerve 
stimulation at 0.15 Hz was recorded with a Grass 
force-displacement transducer. Sequential values 
for ICP and mean arterial pressure (MAP) were 
compared using a cne-way analysis of variance. 
Arterial pCO, levels were subjected to Student's 
t-test for paired data. p<0Q.05 was regarded as 
significant, 


Results. The patients studied are 
characterized in Table 1. All patients had 
evidence to suggest compromised intracranial 
compliance either by CT scan findings or 


pressure-vclume testing. Study results are 
summarized in Figure 1. Following atracurium 

0.5 mg/kg IV, no significant change in ICP or MAP 
was detected during. the study period, although ICP 
was found to decrease significantly after 
thiopental 4 mg/kg IV. Calculated cerebral 
perfusion pressure (MAP-ICP) did not change 
significantly after atracurium. 


Discussion. Atracurium appears to afford the 
hemodynamic stability and absence of effect on ICP 
that are necessary for safe induction of anesthesia 
in patients with intracranial masses. 


Table 1. 


Ea ntra 
CT Appearance of Tumor >. Carai Sace Arterial pCO, (mmHg) 


Midline 75 Before After 
Diameter(cm) Shict(mm Edema({0-3+)* AICP {(mmHg/m]} Atracuriim 
4520.4 | 6:2 | 1,520.3 2.240.6 39:2 


Atl values * mean = SEM 
* 0 = No edema, 34 = edema throughout ipsilateral hemisphere 


Figure 1. 
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INTRODUCTION: The relief of post-operative pain 
in patients after thoracotomy is of great importance 
since pain significantly impairs postoperative pulmo- 
nary function and early ambulation (1). Epidural ad- 
ministration of morphine has been shown to provide 
prolonged postoperative analgesia, but being a narco- 
tic agonist it also causes adverse side effects such 
as intense pruritis, protracted vomiting and at times 
delayed respiratory depression. Nalbuphine hydrochlo- 
ride, a potent partial agonist-antagonist narcotic 
analgesic when administered parenterally has been 
shown to provide pain relief in a variety of clinical 
conditions with its potency being similar to morphine 
and yet less pronounced respiratory depression than 
morphine (2). The present study was undertaken to 
evaluate the efficacy and safety of epidural] nalbu- 
phine for the relief of postthoracotomy pain. 

METHOD: This study was conducted at the Veteran 
Genera! Hospital after institutional approval and in- 
formed consents were obtained from all the patients 
prior to their entry into the study. Thirty adult 
patients scheduled for elective thoracic surgeries 
were enrolled in this study. On the day of surgery, 
al] the patients received thiopental induction and 
enf lurane-N20-02 for maintenance of anesthesia. At 
the completion of surgery, while the patient was still 
in the lateral position under general anesthesia, an 
indwelling epidural catheter was inserted through 
either Tg.7 or T7.g interspace and securely taped in 
place. In the postoperative period, when the patients 
had fully recovered from the effect of anesthesia and 
complained of severe pain, they were divided into 2 
equal groups in a randomized double blind fashion. 
Group A received epidural administration of nalbuphine 
10 mg in 10 m} normal saline and group B, serving as 
control, received epidural normal saline 10 ml. Pa- 
tient's pain intensities were evaluated by visual 
analogue scales at 5, 10, 15, 30 minutes and at 1, 3, 
6, 12, 24 hours after drug administration. Any pa- 
tient who did not obtain adequate pain relief after 
one hour postdrug was given a "rescue" medication of 
meperidine 1 mg/kg I.M. Vital signs, complaints of 
side effects and the number of doses of the I.M. anal- 
gesic requested were recorded throughout the 24-hour 
observation period. 

RESULTS: The demographic distribution and ini- 
tial pain intensities were similar for both groups. 
There is a statistically significant difference 
(P< 0.05) in pain scores between the two groups up to 
9 hours (Figure). Onset of pain relief with epidural 
nalbuphine appeared at the 5 minute observation period, 
peaked between 10-18 minutes with a duration of action 
ranging from 4-20 hours (average - 9.2 hours). Inthe 
first 9 hours only 2 patients (18%) in group A, where- 
as 12 patients (80%) in group B required I.M. analge- 
sics with an accumulative dose frequency of 3 for 
group A and 16 for group B respectively. No evidence 
of sensory, motor or autonomic blockade were observed 
in any patient. Incidence of adverse side effects 
were quite similar in both groups, with drowsiness 
being the predominent side effect, and no pruritis or 
respiratory depression being observed in any of the 
patients. (Table) 

DISCUSSION: In a previous study comparing the 
analgesic effect of five different agents by intrath 





cal administration, we found that intrathecal nalbu- 
phine 0.4 mg provided significant reduction of post- 
operative pain, comparable to that of an equipotent 
dose of morphine and meperidine (3). When applied 
epidurally in this study, nalbuphine appears to pro- 
vide excellent pain relief with minimal side effects. 
The duration of analgesia averaged 9.2 hrs. which is 
comparable to that of epidural morphine, 5 mg, for 
postthoracotomy pain as reported by El-Baz, et al (4). 
However, there is a remarkable low incidence of ad- 
verse side effects associated with epidural nalbuphine 
in our study when compared with those reported with 
epidural morphine. In our search to provide effective 
Spinal narcotic analgesia with reduced incidence of 
adverse side effects, nalbuphine holds promise as a 
desirable alternative to morphine and its role for 
this clinical application awaits further investigation 
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TABLE 
incidence of Side ENects 
Drowsiness 7/15 9/145 
Nausea 2/15 3/16 
Vomiting 0 1/15 
Pruritus 9 0 
Urinary Retention 716 2/15 
Urticaria 0 o 


Resptratory Depression 0 0 
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Introduction. The administration of the intubating 
dose of atracurium (ATRC) in 2 increments elimi- 
nated the two most significant drawbacks, namely 
the relatively slow onset of action and the dose 
related histamine releasing effect of this 
relaxant(1). With this technique, ideal muscular 
relaxation, with rapid spontaneous recovery of 
neuromuscular (NM) transmission and easy reversi- 
bility of residual NM block, can be achieved for 
operations of up to 100 min duration with 1 ampoule 
(50 mg) ATRC. For longer surgical procedures, 
where more than 1 ampoule is needed, cost becomes 
an important factor. This study was designed to 
combine ATRC and pancuronium (PANC) so that their 
side effects would be reduced and muscular 
relaxation for long procedures could be provided at 
a reasonable cost. 


Methods. Thirty-five adult, surgical patients of 
both sexes signed informed consents to participate 
in this study, approved by our Institutional Review 
Board. After premedication with diphenhydramine 
and meperidine, anesthesia was induced with 
droperidol, thiopental and fentanyl and maintained 
with N,0-0, and increments of fentanyl. ser 
induction, the isometric twitch (P) of the adductor 
pollicis muscle, elicited by stimulation of ‘he 
ulnar nerve at 0.1Hz, was continuously recorded. 
At specific times the muscle was stimulated by 
trains of four 2Hz impulses. All patients first 
received IV 75 ug/kg "priming" and 6 min later a 
250 ug/kg “intubating" dose of ATRC. Intubation 
was performed when P decreased to about 20% of 
control. The time between start of injection of 
the intubating dose and intubation (Intubation 
Time), the maximal effect and return of P to 25% of 
control (Clinical Duration) were determined and 
intubating conditions were assessed. In group I 
(15 patients), when P returned to 25% of control 
after the intubating dose of ATRC, relaxation was 
maintained with PANC. The first maintenance dose 
of PANC was 25ug/kg and those of subsequent doses 
15ug/kg, except that the last maintenance dose was 
50 ug/kg ATRC. In group II (20 patients) 100 ug/kg 
increments of ATRC were injected whenever P 
returned to 25% of control. After the last dose of 
ATRC the time for the recovery of P from 25% to 75% 
of control (Recovery Time) was noted. Residual 
neuromuscular (NM) block was antagonized by the IV 
injection of 10 wug/kg atropine followed by 
0.5 mg/kg edrophonium. 


Results. Intubating conditions were equally satis- 
factory in both groups at the times indicated in 
the table. The maximal effect of the initial dose 
was very Similar. The clinical duration of the 
intubating dose was also similar in the 2 groups. 
The duration of the first maintenance dose was 
longer in group I, that received PANC, than in 
group II. The clinical duration of subsequent 
maintenance doses, however, was Similar in both 


groups. Recovery rate was shorter in group II than 
in group I. Before reversal, T4/T1l was smaller in 
group I than in group II, but there was no differ- 
ence in T4/T1 following tne administration of edro- 
phonium. No significant changes in heart rate or 
blood pressure were observed in either group before 
intubation or in group I after maintenance doses of 
PANC. 


Discussion. The described method, consisting of the 
use of ATRC at the start and the end of anesthesia 
and maintenance of relaxation in between with PANC, 
retained the advantages and eliminated the disadvan- 
tages of both agents. Satisfactory conditions for 
tracheal intubation developed within 1.5 min. The 
Clinical duration of the first maintenance dose of 
25 ug/kg PANC was about 30 min and that of subse- 
quent 15 ug/kg maintenance doses, about 20 to 25 min 
were similar to that of 100 ug/kg ATRC. The prelimi- 
nary administration of ATRC appears to increase the 
neuromuscular effect of PANC and vice versa. 
Because of this the last dose of ATRC, administered 
after PANC should be 50 ug/kg, half of the usual 
maintenance dose. Following the last dose of ATRC, 
spontaneous recovery proceeded rapidly and residual 
NM block could be antagonized equally well by 
edrophonium in both groups. In conclusion, for 
operations of more than 100 min duration equally 
good muscular relaxation, free of side effects, can 
be provided by the combined use of ATRC and PANC, at 
a much lower cost, than with ATRC alone. 


GROUP I GROUP II 
(n=15) (n=20) 
Priming Dose(ug/kg) B -5 
Intubating Dose(ug/kg) 250 250 
Intubation Time(min) 1.240.12 1,440.1 
Maximal Block(%) 97.430.8 98.940. 4 
Clinical Duration 
Intubating Dose 28.0+1.6 30.741.6 
ist Maintenance Dose? 29.749.5* 18.330.7 
Last Maintenance Dose 23.942.6 19.841.0 


Recovery Rate 18.9+2.2 13.1+1.0% 
T4/T1 Ratio 
Before Antagonist O.4440.04**  0,5840.03 


2 min after Antagonist 0.9010.03 0,8840.03 


1. Mean + SEM 

2. Maintenance doses in group I: first 25 ug/kg, 
Subsequent 15 ug/kg PANC, last 50 ug/kg ATRC; in 
group II all maintenance doses 100 ug/kg ATRC. 


* and ** indicate difference between the 2 groups at 
the p <0.001 and 0.05 levels respectively. 
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Introduction: The use of fentanyl (F) alone as an 
anesthetic is recommended because of the 
cardiovascular depression that occurs with the 
addition of diazepam or nitrous oxide. Supplements 
to narcotic anesthesia are desirable to ensure 
unconsciousness, to decrease narcotic dosage, ami to 
allow rapid recovery. Etomidate (E} is a hypnotic 
noted for its lack of cardiovascular effects when 
given alone or along with low doses of P.* Ketamine 
(K) is a sympathomimetic anesthetic when used 
alone. fhe prior administration of F may obtund the 
sympathetic actions of K so that the combination of 
F and K may result in minimal hemodynamic changes. 
This study was designed to investigate the 
hemodynamic interactions of moderate doses of F with 
E or K, l 

Methods: After giving informed consent to the 
institutionally approved protocol, 14 patients 
undergoing elective aorto-coronary artery bypass 
surgery (with left ventricular ejection fraction > 
45%) were studied. The majority of patients were 
taking beta-blockers (m10), calcium entry blockers 
(mll), and nitrates (F11). The last doses were 
given the morning of surgery. Patients were 
premedicated with morphine sulphate 0.15 mg/kg and 
scopolamine 0.3 mg/70 kg IM 90 min prior to 
induction of anesthesia. leads II and V; of the 
EKG, and radial and pulmonary arterial pressures 
were monitored continuously in all patients. 
Ringer's lactate 8-10 ml/kg was infused intra- 
venously, when necessary, to maintain a pulmonary 
capillary wedge pressure (PCWP) > 10 mmHg prior to 
the induction of anesthesia. Patients were randomly 
divided into three groups. After metocurine (2 
mg/70 kg), all patients were given F50 ug/kg as a 10 
min continuous infusion. This was followed by K 1.5 
mg/kg given over 60 sec in Group FK (m5), E 0.3 
mg/kg over 60 sec in Group FE {r5); and no 
additional anesthesia in Group F (1r4). Rigidity 
was treated with succinycholine as a bolus (20-40 
mg) followed by a continuous infusion (5 mg/min) 
until the completion of endotracheal intubation. 
Hemodynamic measurements were obtained prior to 
induction (C), and 3 min after: F 50 \g/kg, E or K, 
and after intubation fT). Measurements included 
heart rate (HR), mean arterial pressure (MAP), 
cardiac output (CO), PCWP, and arterial blood 
gases. Systemic vascular resistance (SVR) was 
calculated. Statistical methods consisted of two 
way analysis of variance utilizing Tukeys’ W test 
and a three group repeated measures analysis of 


variance. P < 0.05 was considered statistically 
significant. 
Results: The addition of E to moderate dose F 


resulted in statisticaily significant decreases in 
MAP, HR and CO (Figure, mean + SEM) without any 
changes in filling pressures. SVR also decreased 
but was not statistically significant. K, however, 


Discussion: 


resulted in minimal changes in hemodynamics when 
added to moderate dose F. There were no reports of 
recall of intraoperative events, nightmares or 
hallucinations in any group. One patient in Group 
FE remained responsive and breathing after a total F 
50 ug/kg. He lost consciousness with the 
administration of E. Normocarbia was verified at 
every sampling interval. 
The addition of E to F anesthesia 
produced decreases in MAP and CO similar to those 
reported for diazepam or N50. K Supplementation of 
F anesthesia, however, produced no significant 
hemodynamic changes. The prior administration of F 
prevented the sympathomimetic responses normally, 
seen during induction with K alone. The combination 
of fentanyl-ketamine anesthesia may represent an 
alternative with minimal cardiovascular interactions 
compared to other fentanyl-hypnotic combinations. 
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Introduction. Hofmann elimination was 
postulated to be the major route of in vivo 
degradation of atracurium (Atc); alternatively, 
hydrolysis of the ester linkage, either spontaneous 
or enzymatically catalyzed, was also considered 
possible (1). Since the end-products of Hofmann 
elimination, i.e., acrylates, were considerec 
potentially toxic (2) whereas those of hydrolysis 
were not, we considered it important to determine 
the extent of in vivo degradation of Atc by Hofmann 
elimination (HE) relative to that by ester hydrolysis 
(EH). Our working hypothesis was based on the 
premise that the role of the enzymatic hydrolysis in 
the overall degradation of Atc in vivo can be 
uncovered if the inhibition of the putative enzyme - 
carboxylesterase - produces a prolongation of action 
of Atc. Indirectly, such a result would imply (a) 

a lesser role for HE than was previously thought, 
and, hence, (b) a decreased chance for the formation 
of potentially toxic products of this elimination 
reaction. 


Methods. In rats (3) and mice (4) triorthotol yi 
phosphate (TOTP) was demonstrated to effectively 
inhibit carboxylesterase - the enzyme group thought 
to catalyze the hydrolysis of Atc (1}. Our study 
was therefore conducted in rats pretreated either 
with TOTP (125 mgekg~! i.p.) or its solvent corn oil 
(1 miekg-! i.p.) 18 to 20 hours prior to the actual 
experiments. Under pentobarbital anesthesia (50 
mgekg~! i.p.) a tracheal cannula was inserted and 
the animal was ventilated mechanically; the right 
femoral artery was cannulated for arterial pressure 
monitoring and the adjacent vein for constant 
infusion (0.9% NaCl at 0.7 mlekg-lemin-!) and drug 
administration. The distal end of the left 
gastrocnemius tendon was severed and attached to a 
force transducer. The ipsilateral sciatic nerve 
was cut and its peripheral end stimulated supra- 
maximally by a bipolar platinum electrode (2 Hz for 
2 sec at 10 sec interval). We recorded the systemic 
blood pressure and isometric contractions of the 
muscle. After approximately one hour stabilization, 
rats (in subgroups of 4) were randomly assigned to 
treatment with Atc (1.2 mgekg-! i.v.) or 
d~tubocurarine (dTe, 0.15 mgekg-! i.v.); in 
preliminary experiments these doses of the 
relaxants had been determined to be the minimal 
doses required to produce a larger than 97% 
inhibition of the first twitch in the train of 
four stimuli. From the recordings the following 
variables were determined: (a) Onset time (time, 


in seconds, to the maximal inhibition of the first 
twitch); (b) Duration of the complete relaxation 
(time in seconds from injection to 10% recovery of 
the first twitch); and (c) The rate of recovery 
(the recovery of the first twitch during the 
initial two to five minutes - expressed in percent 
of the control height - per minute). 


Results. Our data show that the inhibition of 
carboxylesterase had no influence on the skeletal 
muscle relaxation produced by dic whereas it 
approximately doubled the duration of action of 
Atc (from 210 sec to 506 sec, P < 0.01) and halved 
the rate of recovery of Atc-induced paralysis (from 
34.5 to 16.1 % min™', P < 0.01). The onset of muscle 
relaxation was not influenced by TOTP for either 
relaxant. 


Discussion. Our data confirmed that in normal, 
untreated rats ~ as was observed in all other species 
studied thus far - Atc, in comparison with dTc, (a) 
has a much shorter duration of action, and (b) allows 
for a faster rate of recovery from skeletal muscle 
relaxation. In the present study, we demonstrate 
that the enzymatic hydrolysis is an important 
mechanism of biodegradation of Atc; indeed, 
inhibition of the enzymatic degradation of Atc 
prolonged its duration of action so much that the 
pharmacodynamic parameters (duration of action and 
the rate of recovery) became indistinguishable from 
those of dTc. 

We conclude that in rats Hofmann elimination 
does not represent a major metabolic pathway. If 
these findings can be confirmed for humans, the 
potential adverse effects from the end-products of 
Hofmann elimination would be lessened. 
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Introduction: Measurements of cardiac output (CO) 
by using thermodilution technique varies consider- 
ably even in hemodynamically stable individuals. 
This variation of CO related to artificial ventila- 
tion has been studied in pigs (1) and dogs (2). 
However, it has not been clear whether the similar 
pattern of the variation can be observed in patients 
undergoing coronary artery surgery (CAS). In 
addition, the role of periocardium on this variation 
has not been examined. The purposes of this study 
were: (1) to examine the relationship of thermo- 
dilution CO values with the ventilation cycle before 
sternotomy and after opening of the pericardium; and 
(2) to determine the most appropriate moment of 
injection in patients undergoing CAS. 


Method: Twenty-four adults patients were studied 
after institutional approval. 7 Fr. pulmonary 
artery balloon flotation catheters (Edwards Labora- 
tories) were placed before induction. Its! 
thermistor lead was connected to a cardiac output 
computer (Gould Model IM 1044). Anesthesia was 
maintained with high-dose fentanyl. Pancuronium was 
given to assure complete muscle paralysis. The 
patients were ventilated with air-oxygen mixture 
with a constant volume at a rate of 8 - 1l/min. The 
ventilation volume was adjusted to maintain PaC0o 
within normal range. Thermodilution measurements of 
CO were performed before sternotomy and after 
opening of the pericaridum, using an injection of 10 
ml dextrose (5%) at room temperature, when blood 
pressure, heart rate and peak airway pressure were 
stable without surgical stimulation. Injections 
were made at each of the five phases of the respira- 
tory cycle: Il, begining of inspiration; 12, 
mid-inspiration; 13, end of inspiration; El, early 
mid-expiration; E2, late mid-expiration. The order 
of the five injections in each series was performed 
at random. The thermal curves were always monitored. 
Data analysis: The mean value of cardiac output was 
calculated from five measurements of each series and 
taken as the 100 % value. Each measurement was 
expressed as a percentage of this mean value. 
Moreover, in each series a mean value of 2 or 3 
phases was compared to mean value of the 5 phases of 
each series. Statistical analyses were performed by 
using paired and unpaired t-test. 


Results: (1) The 25 series of CO measurements were 
performed before sternotomy. The mean values of 
peak airway pressure and central venous pressure 
were 1343 cmH20 and 642 mmHg, respectively. The 
variations of CO observed during ventilation cycle 
are shown in Figure 1. The highest mean value of CO 
was observed at I2 (10848 %). The lowest mean value 
was observed at E2 (90+11 %). (2) The 15 series of 
CO measurements were performed after opening of the 
pericardium. The mean values of peak airway pressure 
and central venous pressure were 13+2 cmH20 and 5+2 
mmHg, respectively. The pattern of CO variations 
observed during ventilation cylce was similar to the 


pattern before sternotomy. The highest mean value 
of CO was observed at 12 (10547 %). The lowest 
mean value was observed at E2 (9646 %). (3) The 
mean value CO from the combination of 2 phases 
that had the least deviation was the I2-E2 
combination (99.6+4.3%). When the 3 phase 
combinations were compared, the following combina- 
tion showed the least deviations; I1-12-E2 
(100. 442.5%), I1-13-E1 (100.342.8%), I1-13-E2 
(99.342 .5%), I2-I13-E2 (100.942 .8%) 


Discussion: The pattern of CO variations modulat- 
ed by respiratory cycle was demonstrated. There 
were no apparent significant changes in the 
pattern following the opening of the pericardium. 
The recognition of the respiratory-induced 
flactuations is important in minimizing the 
variations of CO in patients undergoing cardiac 
surgery. These findings suggest that at least two 
measurements of CO should be made at the different 
phase of the ventilation cycle to obtain the 
accurate mean value of COQ. 
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Figure 1. Variations of cardiac output during 
the ventilation cycle 
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Introduction. Spinal anesthesia can be 
administered safely and effectively for surgery in 
patients who have had a lumbar laminectomy or spinal 
fusion (1). Epidural anesthesia, however, is seldom 
used for surgical anesthesia in post laminectomy 
patients because of concern that any adhesions in the 
epidural space resulting from the laminectomy might 
interfere with the uniform spread of local anesthetic 
solutions and cause a patchy surgical anesthesia. 
Some anesthesiologist have also expressed a fear that 
an epidural block could initiate or exacerbate 
neurological problems in patients with previous 
surgery in the spine. There are, however, no data 
available to support these contentions. This study 
was, therefore, designed to evaluate the efficacy and 
safety of epidural anesthesia for surgery in patients 
with previous lumbar laminectomy or spinal fusion. 


Methods. Twenty~two adult male patients who had 
a past history of lumbar laminectomy or spinal 
fusion, and who required epidural anesthesia for the 
proposed surgery were investigated. Institutional 
approval for the project and informed consent from 
each patient were obtrained. A #17 Tuohy epidural 
needle was introduced into the intervertebral space 
just above the surgical laminectomy scar and the 
epidural space identified by using loss of resistance 
technique. With the level of the needle pointing 
cephalad, 10-20 ml of either 0.5% bupivacaine or 1.5% 
lidocaine, both with epinephrine (1:200,000), were 
injected and an epidural catheter inserted. ‘The 
extent as well as the uniformity of sensory 
anesthesia on both sides were carefully checked by 
pinprick every 10 minutes for 30 minutes. The 
patient's response to surgical stimulation was also 
noted. Patients who had persistent radicular pain 
following previous laminectomy or spinal fusion were 
given 40 mg of methylprednisolone through the 
epidural catheter at the end of surgery. 
Postoperatively, patients were questioned regarding 
any recurrence or any change in character or 
intensity of their neurological symptoms. 

Results. The mean age of the patients was 6l 
years and mean height 176 cm. Seventeen of the 22 
patients had the epidural needle inserted into either 
ist or 2nd lumbar intervertebral space. The other 5 
patients had the needle inserted into 12th thoracic 
or 3rd lumbar intervertebral space. Eighteen 
patients had had a previous lumbar laminectomy and 4 
patients had a previous spinal fusion. Thirteen 
patients received 0.5% bupivacaine and 9 patients 
1.5% lidocaine, both with freshly added epinephrine 
(1:200,000). The mean anesthesia level achieved was 


20422 


Ts. Anesthesia was satisfactory for the proposed 
surgery {Table I) in all but two patients. Me 
patient failed to have any analgesia, while the other 
patient complained of slight discomfort upon surgical 
manipulatin of hip joint, for which 50% N20 was 
administered with satisfactory relief of discomfort. 
Two patients who had persistent radicular pain 
following their laminectomy, and who were given 40 mg 
of methylprednisolone through the epidural catheter 
at the end of surgery noted to have excellent relief 
of the pain for several days postoperatively. There 
were no significant intra or postoperative 
complications attributable to the epidural anesthesia 
and in no case was there any exacerbation of previous 
neurological symptoms. 


Discussion. One of the twenty-two patients in 
our study had no anesthesia at all. In this case the 
local anethetic was most certainly injected outside 
the epidural space. All other patients had uniform 
and solid anesthesia to pinprick over the area of the 
spinal segments invovled in a previous lumbar 
laminectomy or fusion.. Adhesions formed following 
lumbar laminectomy or fusion could inhibit the spread 
of an anesthetic drug within the epidural space thus 
preventing the drug from acting on spinal nerves at 
this site. However, on the basis of our findings, it 
is evident that the absorption of the drug into the 
cerebrospinal fluid and its leakage out into the 
paravertebral spaces provide adequate sites of action 
for good epidural anesthesia. The results of our 
study further indicate that epidural anesthesia is 
both safe and effective in patients who have had 
surgery on the lumbar spine. ‘Thus no surgical 
patient whose age or physical status would warrant an 
epidural anesthesia need be denied the advantages of 
this form of anesthesia because of a previous 
laminectomy or fusion. 


Reference. 
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Table It TYPE OF SURGERY PERFORMED UNDER EPIDURAL ANESTHESIA 
maps a LN TC NOON NEA TA 


of surge Number of patient 


Transurethral resection of prostate 
Above or Below knee amputation 
Total hip replacement. 
Femoropopliteal bypass 4 graft 
Surgery in the perineum 

Others 
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Introduction. A failure to check equipment 
before anesthesia has been cited as an associated 
factor in 22% of critical incidents reported (1). 
A thorough, routine preanesthetic check of 
equipment and drugs has been suggested as a 
possible remedy (2). We developed a checklist of 
what we thought were essential items and compared 
it with items that were actually inspected in 
preparation for anesthesia. 


Methods. A thorough checklist containing 
48 items was developed (Table 1). Thirty 
residents froma three-year training program were 
selected. Experience levels varied with 5 first 
year (PG-1), 12 second year (PG-2), and 13 third 
year (PG-3) residents selected for study. One of 
the residents had prior training and experience as 
a nurse anesthetist. Each resident was allowed to 
check and prepare the equipment as usual. After 
that a research nurse asked each resident to 
describe the preanesthetic check and simlate it 
by pointing to the pertinent items on the 
anesthesia machine. The nurse recorded on the 
checklist the items that were inspected as they 
were indicated by the resident. Residents were 
given percentage scores according to the mmber of 
items that had been inspected compared with the 
total mmber of items on the checklist. 


Results. Raw percentage scores ranged from 
a low of 70.8% to a high of 95.8% with a group 
mean of 85.4% and a standard deviation of 
+ 5.51. Of 48 items on the checklist, 21 
(43.7%) were inspected 100% of the time and 27 
(56.3%) were disregarded at least once. Of these 
27, 14.8% were related to anesthetic supplies and 
equipment and 85.2% were machine related. Of the 
items listed, 25.9% were not inspected by 10 
residents and 48.1% by 5 residents. Twenty 
percent of PG-ls (n = 5), 16.6% of PG-2s {n = 12), 
and 15.8% of PG-3s (n = 13) scored less than 80% 
(Table 2). Most participants consistently 
inspected all those items related to airway 
Maintenance and hemodynamic stability. 


Discussion. The overall percentage of 
items not inspected by subjects in this study 
seems to support that remembering all the 
necessary elements of a thorough equipment check 
is @ifficult. The majority of items disregarded 
related to the anesthesia machine itself. 
Comments from residents indicated a false sense of 
security regarding its proper function and the 
availability of certain equipment. A secondary 
finding of this study indicates that training and 
experience does influence the thoroughness and 
consistency of preanesthetic checks. A higher 
percentage of PG-ls scored less than 80%. This 
may reflect the time required to learn a complex 
repetitive routine or to gain experience, that is, 
the relationship of time in training to personal 
involvement in a mishap. Most participants with 
higher scores admitted to improvement in routine 
after a "close call" related to machine failure or 


equipment inadequacy. We feel this study 
indicates that an accurate check of anesthesia 
machine and equipment cannot be done without some 
form of aid. Because of this and a false sense of 
security, more stringent preanesthetic checking is 
required to prevent anesthetic mishaps. 
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Table 1. Areas Covered by Preanesthetic 
Checklist 


Monitors ECG, blood pressure, 
stethescopes: precordial and 
esophageal, temperature, gas 


meter 
Anesthesia O, and NO: central line, 
machine sonnections to wall and 


machine, tank pressure, flow 
meter bobbin, flush function 

Common gas outlet to circle 
system 

Anesthetic circle: soda lim, 
hoses and bag, valve discs, 
mask 

Ventilation: power connection, 
parameters set, connection to 
anesthesia circuit, testing 

Vaporizers: fluid levels and 
filling valves 

Suction 

Scavenging system 


Anesthetic Induction agent, muscle relax- 
equipment ant, vasopressor, atropine, 
and oral airway and tongue blade, 
supplies endotracheal tube size, cuff, 


laryngoscope and space blade, 
stylet, tape, fluids 


Table 2. Percentage of Score According to Year 
of Training 


Year of < 80% 80-90% > 90% 
Training (n = 5) (n = 22) {n = 3) 
First (n) l 4 = 
Second (n) 2 9 1 
Third (n) 2 9 2 
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Introduction Clinical circumstances often alter the 
waiting time which elapses between the injection of an anti- 
fasciculation drug, and the time of injection of succinyl- 
choline given for endotracheal intubation. We investigated 
how the waiting time changes the effectiveness of atra- 
curium, curare and pancuronium in blocking muscle fascicu- 
lations caused by succinylcholine. 

Methods This study was approved under a monitoring 
protocol, submitted to the Human Investigation Committee 
of our institution. A total of 500 subjects were entered irto 
this study and they ranged in age from 5 te 87 years. 
Members of both sexes were included. A standard dose of 5 
mg atracurium, 1 mg pancuronium or 3 mg of curare was 
utilized for most patients. These doses were administered 
independent of patient size over the weight range of 50-90 
kg. Patients outside this range received a proportioned dose 
based on their body weight (atracurium, .07 mg/kg, pan- 
curonium, .014 mg/kg and curare, .043 mg/kg). The time 
was carefully recorded when the non-depolarizing drug was 
injected and routine clinical procedures followed. Induction 
proceeded with sodium pentothal (2 to 3 mg/kg) until the 
patient was unconscious and the depolarizing muscle 
relaxant succinylcholine was then given. The standard dose 
of succinylcholine was 100 mg I.V. except for those patients 
less than 50 kg or greater than 90 kg PINE Patients 
outside this weight range received k95 mg/kg. After the 
succinylcholine was injected the waiting time was recorded 
and the patient was carefully observed for any signs of 
fasciculation. Fasciculations were described as not present, 
minimal if slight twitching occurred, or moderate to severe, 
depending upon the total amount of muscular motion 
observed. Patients were then divided into various 
categories depending upon sex, age, and waiting time 
between injection of non-depolarizing drug and 
succinyicholine. Percentages of patients fasciculating were 
calculated for each of these categories and for the overall 
categories with respect to age. Confidence limits and 
comparisons between proportions were evaluated according 
to the methods outlined by Dixon and Massey. 

Results A portion of the results may be seen in Fig, 1. 
All drugs are more effective in blocking fasciculations as 
the waiting time increases to the 4.5 to 5.0 minute range. 
At times greater than 5 minutes there may be a lass in drug 
effectiveness in preventing fasciculations. Additional data 
are required to evaluate this hypotheses. There are definite 
differences in the overall fasciculation frequencies for the 
three drugs, atracurium and curare both had a 15% 
fasciculation rate compared to a 36% rate with 
pancuronium. Table I shows that atracurium and curare 
have a similar effectiveness in preventing fasciculation. 
Both of these drugs are superior to pancuronium in this 
regard. The confidence limits shown in Table I indicate no 
overlap between pancuronium and the other two drugs. A 
number of other hypotheses were also tested. The data 
suggested that in the below 30 age range and in the 31-60 
year old group, there were sex differences in fasciculation 
rate; a larger percentage of males fasciculated than 
females. In the over 60 age group these differences 
appeared to diminish. However, these impressions were not 
substantiated by statistical testing. The sex difference 
results for all ages were almost significant at the 5% level. 
The waiting time interval between drug injections varied 
quite considerably in our clinical setting. In the majority of 
cases the waiting time is between 2 and 3% minutes, 
However, there is an appreciable percentage of cases (15%) 
having a waiting time greater than 5 minutes. The overall 


difference demonstrated here between pancurdnium an 
curare agrees with the findings of Blitt and co-workers. 
They kept a fixed interval of about 3.5 min for the waiting 
time and found that pancuronium appeared to be somewhat 
less effective than curare or metacurine in the prevention 
of fasciculation inhibitions. Our results for all 3 drugs 
demonstrate that the anti-fasciculation effect is strongly 
dependent upon the waiting time. For optimum inhibition of 
fasciculations a waiting time of 4 to 5 minutes should be 
utilized. 

References l 
i. Dixon JW, Massey FJ: Introduction to Statistical 
Analysis, McGraw Hill, New York, 1957, p. 229. 
2. Blitt CD, Carisen GL, Rolling GD, et al: A Comparative 
Evaluation of Pretreatment with Nondepolarizing 
Neuromuscular Blockers Prior to the Administration of 
Succinylcholine, Anesthesiology 55:687-689, 1981. 
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Figure l: Waiting time effect on inhibition of succinyl- 
choline induced muscle fasciculations. Values for 5.0 to 5.5 
minute range include all waiting times greater than five 
minutes. Values for 0.5 to 1.0 minute range include all 
waiting times less than one minute. 


Table I Overall Proportion of Patients Fasciculating 


(X = X/N) 
Drug Atracurium Curare Pancuronium 
N 54 228 218 
X (%) 15 i5 36 
C.L. Lower -05 10 30 
C.L. Upper «25 20 «42 


X = number fasciculating, N = number of patients in sample 
C.L. = 95% confidence interval 
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Introduction. Controlled hypotension produced 
with sodium nitroprusside (SNP) is used as an adjunct 
to anesthesia in a number of situations, primarily to 
decrease blood loss - the advantages including the 
improvement of the operative field and a decrease in 
the need for blood transfusion. Since some procedures 
may go on for long periods, we wanted to determine 
whether during 3 hours of controlled hypotension both 
cardio~respiratory stability and the distribution of 
peripheral blood flow are maintained. 


Methods. Nine mongrel dogs (average wt. 20 Kg) 
were anesthetized with sodium pentothal, intubated, 
paralyzed with pancuronium, and maintained with 1.5% 
halothane in oxygen. Catheters were placed in a peri- 
pheral vein, the femoral artery, the left ventricle, 
and the pulmonary artery. After 2 hours of anes- 
thesia, blood gases and peripheral and central 
pressures were measured. Cardiac output was deter- 
mined (thermodilution), and an injection of radio- 
labelled 15u microspheres was made into the left 
ventricle to use for later analysis of the distribu- 
tion of peripheral blood flow. Controlled hypotension 
to a mean pressure of 55 mmHg was then produced with 
an IV infusion of SNP. All variables were re-mea- 
Sured, and repeat microsphere injections were per- 
formed at 30, 60, 120, and 180 minutes after the 
start of hypotension. After this the animal was kill- 
ed {IV KC1), and the organs removed and fixed in 
formalin. Radioactivity in tissue samples was deter- 
mined and blood flows calculated by reference to the 
radioactivity in blood samples drawn at known rate 
from the aorta during the time of injection. (1) 


Results. Mean arterial pressure was decreased 
from 86 mmHg to about 55 mmHg during the SNP infus- 
ion. There were no changes in cardiac output, heart 
rate, blood gases, or pH during the 180 minutes. 
Total peripheral resistance (TPR) decreased and re- 
mained significantly lower than control. (Table 1) 


Table 1. Cardio-respiratory variables at control, and 
at times in minutes after onset of hypotension. 
Values are means. (*-p<0.05 compared to control) 


Variable CON 30 60 120 180 
Card. Out. (1/min) 2./7 2.69 2.72 2.95 3.10 
Heart Rate (/min) 88 91 99 107 113 
Art. press. (mmHg) 86 56* 55° 57* 58* 
TPR (PRU) 0.027 0.018* 0.017*0.017*0.016* 
Pa02 (mmHg) 78 576 577 577 575 
Pv02 (mmHg) 69 68 73 77 78 
PaCO2 (mmHg) 30 29 30 30 30 
PyCO2 (mmHg) 35 36 38 37 38 
DH 7.42 7.41 7.39 7.38 7.38 


Blood flow increased to the brain, the increase 
going entirely to cortical grey areas and the central 
nuclei. Flows also increased to the liver, the pan- 
creas, and the diaphragm. (Table 2) There were no 
changes in biood flows to retina, spinal cord, cecum, 
neart, renal cortex, or skeletal muscle. By 60 min, 
there were significant increases in blood flow to 
skeletal muscle and heart, and blood flow to liver 
had returned to control levels. By 120 min, there 
were significant decreases in blood flow to the renal 
cortex. 


Table 2. Tissue blood flows (ml/gm/min) at control, 
and at times in minutes after onset of hypotension. 
Values are means. (*-p<0.05 compared to control) 





TISSUE CON 30 60 120 180 
Brain 0.55 0.70 0.80* 0.80* 0.85% 
Cort. White 0.64 0.68 0.70 0.66 0.69 
Cort. Grey 0.74 1.15* 1,30* -1.23* -1.26% 
Caudate 0.96 1.33 1.46* 1.58* 1.61* 
Retina Ps9 2.8 2.6 2.6 2.5 
Renal (outer) 6.33 6.80 6.28 4.96 4. 30* 
Renal (inner) 5.57 6.46 5.57 3.76* 2.90* 
Spinal Cord 0.14 0.20 0.20 0.20 0.20 
Heart 0.43 0.57 0.72* 0.92* 1.15% 
Liver 0.22 0.37* 0.28 0.20 0.14 
Pancreas 0.21 0.33* 0.39* 0.41* 0.33* 
Duodenum 0.51 0.84 O.91* 0.87* Q.87* 
Cecum 0.57 0.58 0.66 0.65 0.67 
Triceps 0.037 0.044 0.066* 0.103* 0.150* 
Masseter 0.032 0.036 0.054 0.079* 0.080* 
Diaphragm 0.032 0.079* 0.14* 0.25* 0.30* 


Discussion. Sodium nitroprusside produced a 
stable hypotension due entirely to a decrease in TPR. 
This was due for the first 30 min to a fall in resis- 
tance in beds such as brain, liver, and gut. By 60 
min, gut resistances had begun to return to normal, 
but blood flow was increasing to skeletal muscle. The 
only organ in which significant decreases in blood 
flow were seen was the renal cortex (-22% after 120 
min, -33% after 180 min). Over the 180 min there were 
no changes in blood gases or pH, and so this duration 
of controlled hypotension seems to produce no nega- 
tive effects on respiratory function. With the excep- 
tion of a relatively smal] decrease in renal cortical 
flow, it would appear that 3 hours of controlled 
hypotension produced with SNP, in association with 
halothane anesthesia, does not produce cardiorespira-~ 
tory changes or changes in the distribution of peri- 
pheral blood flow that represent a danger. 


References. 
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Introduction. Decreases in core body 
temperature can occur with general anesthesia (1). 
Methods of diminishing patient heat loss have been 
developed but are often not applicable to patients 
undergoing lower extremity procedures on fracture 
tables. We have evaluated a circulatirg-fluid 
warming device designed to be used with such patients 
and to be compatable with commonly available 
hyperthermia-hypothermia units. 


Methods. This study was approved by the hospital 
committee on human studies and informed written 
consent was obtained from each subject. Thirty male 
patients scheduled for lower extremity orthopedic 
procedures were randomly assigned to one of three 
groups (n=10 for each). 1) Control - patients covered 
with two blankets. 2) Passive - as in group 1 with 
additional passive heat loss protection provided with 
two cotton shirts and a cotton cap. 3) Active - as in 
group 2 with the addition of a circulating-fluid vest 
and cap fashioned from material used in the 
construction of warming blankets currently available 
(Gaymar, Inc.). The vest and cap were connected =o a 
Gaymar Medi-Therm heat exchange console with the 
circulating fluid at a temperature of 38 C. 
Premedication consisted of diazepam 0.1 mg/kg po and 
Atropine 0.4 mg IM one hour prior to surgery. All IV 
fluids and blood products were delivered at 37 C. All 
patients received general anesthesia with nitrous 
oxide, oxygen, and isoflurane. Procedures were of one 
hour duration or more (mean=135 min). Room 
temperatures were 20 C +1. Temperature measurements 
were made using a YSI 43TA thermometer with YSI 
series 400 rectal probes and Gaymar DP400 single-use 
esophageal probes. First measurements were obtained 
within 5 minutes after induction of anesthesia and 
subsequent measurements taken every 15 minutes. End 
measurements were obtained just prior to moving the 
patient from the operating table. Results were 
analyzed using one-way analysis of variance (ANOVA), 
and planned comparisons between groups for control- 
passive and control-active group pairs were made 
using unpaired t-tests. 


Results. No adverse effects related to the 
warming device were observed. Duration of 
anesthesia, age, weight, height, body surface area, 
and estimated blood loss for the three groups did not 
vary Significantly (p>0.2}. Tables I and II present 
group mears for the first and last temperatures of 
the anesthetic period. Group means for the 
temperature change over the total period are also 
presented. For both esophageal and rectal 
temperatures there were no differences among the 
group means for the first temperature readings. 
Differences among means were statistically 
Significant for the last temperatures and for the 
total temperature change. Using the planned 
comparison analysis the differences between active 
and control groups were found to be statistically 
Significant (p<0.02 - rectal, p<0.01 - esoph.), while 
those between passive and control groups were not 
(p>0.25). 

Figure 1 presents the esophageal temperatures 
from 0 to 120 minutes, after which time there were 


too few patients for meaningful comparison. AS can 
be seen the difference between the active and 
control groups became statistically significant at 60 
minutes and longer. There was no significant 
difference between the control and passive groups at 
any time. Results for the rectal temperatures were 
closely similar to the esophageal temperatures. 


Discussion. During lower extremity orthopedic 
procedures core body temperature was maintained more 
effectively in patients wearing a newly designed 
warming vest and cap than with passive methods. 
Though this advantage appears slight under 60 
minutes, significant differences were observed from 
60 to 120 minutes. 


Reference. 
1. Flacke JW and Flacke WE. Inadvertent hypothermia: 
frequent, insidious, and often serious. Seminars in 
Anesthesia 1983; 2:183-96. 


TABLE I 
Esophageal Temperatures (deg C) ~ mean (SD) 
GROUP BEGIN ANESTH. END ANESTH. CHANGE TEMP 


35.4 (0.7) ~0.9 (0.3) 
35.3 (0.7) -1.1 (0.8) 
36.3 (0.6}** -0.3 (0.4) ** 


CONTROL 36.3 (0.8) 
PASSIVE 36.3 (0.7) 
ACTIVE 36.6 (0.6) 
p < 0.01 


ANOVA p = 0.40 p < 0.01 


n = 10 each group ** p<Q.01 t-test (v. control) 


TABLE II 
Rectal Temperatures (deg C) ~ mean (SD) 
GROUP BEGIN ANESTH. END ANESTH. CHANGE TEMP 


35.5 (0.9) -0.9 (0.4) 
35.5 (0.6) -1.1 (0.6) 
36.4 (0.5)* -0.4 (0.3)* 


CONTROL 36.4 (0.8) 
PASSIVE 36.6 (0.5) 
ACTIVE 36.8 (0.5) 
p< 0.02 


ANOVA p = 0.37 D-<. 0.02 


n = 10 each group * p<0.02 t-test (v. control) 
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Introduction. Recent studies have shown that clearance is prolonged in preeclampsia probably due 
lidocaine is a safe local anesthetic both for the to altered hepatic metabolism. This finding may 
mother and the neonate when used for epidural become significant if repeated doses of lidocaine are 
anesthesia in normal healthy patients undergoing used, since higher levels of the drug might be 
ceasarean section (c. section) (1). However, it is potentially toxic in these patients with lower 
not clear what effect this drug would have in seizure threshold. 
patients with moderate to severe preeclampsia with 
hypertension and central nervous system hyper- Table l. 
irritability. This study was therefore undertaken to 
determine the maternal and neonatal effects of lido- P Group ií Group II 
caine in preeclamptics as compared to normal 
patients. Dose of lidocaine NS 370 + 20 372 + 27 

(mgms) Z E 

Methods. This study was approved by the 
Institutional Review Board and informed consent Peak plasma NS 2.8 + 0.2 3.4 + 0.8 
obtained from each patient. Two groups of patients lidocaine concen- = 
were studied. Group I consisted of five normal tration(mcg/ml) 
healthy women without any medical complications 
undergoing c.sections. Group II consisted of ten Time to reach peak NS 34 + 13 37 + 13 
patients with moderate =o severe preeclampsia with plasma concen- T 7 
hypertension, proteinuria, edema and exaggerated tration (minutes) 
tendon reflexes, All patients in this group were 
receiving continuous infusion of magnesium sulfate, Area under the 0.20 14.1 + 1.3 18.5 + 4.7 
2 em/hr and their coagulation profile was normal. conc-time curve 
The central venous pressure (CVP) was monitored in (mceg—-hr/ml1) 
this group and was maintained in the range of 6 ~ 8 
cms H40. Epidural anesthesia was established in the Total body clear- 0.05 31.1 + 4.4 24.5 + 7.1 
usual manner using 2Z lidocaine 18 - 20 mis. Samples ance (L/hr) 
of blood were drawn for lidocaine levels from an 
indwelling venous cathecer at 3, 5, 10, 15, 20, 30, Umbilical vein/ma- NS 0.71 + 0.13 0.57 + 0.18 
45 and 60 minute intervals and then at 1.5 hr, 2, 4, ternal vein ratio 
and 6 hrs. All samples were placed in ice, centri- 
fuged and frozen at -200C until analysis. At the Figure 1. 


time of delivery the Apgar Scores were noted and 
samples of blood were drawn from umbilical artery 
and vein for acid base status and lidocaine levels. 
The Early Neonatal Neuro-behavior Scores (ENNS) were 
evaluated at 2 hrs and 24 hrs after birth. The 
statistical analysis was performed using Student's 
t-test for unpaired data and a P-value less than 
0.05 was considered significant. 


LIDOCAINE LEVELS IN NORMAL AND 
PRE ECLAMPTIC PATIENTS 






@e@ PRE ECLAMPSIA 
OO NORMAL 





Results. The two groups were similar in age, 
height, weight, parity and gestational age. There 
were no significant differences in the total dose of 
lidocaine, the peak plasma concentration (cp), the 
time to reach the peak concentration (Tmax) and the 
umbilical vein/maternal vein ratio. (Table 1, Fig.1). 
The calculated area under the concentration time- i r 3 F : = 
curve was significantly higher (P<0.02) and the TIME (HRS) 
total body clearance significantly slower (P< 0.05) 
in Group II. All other variables including the Apgar 


LIDOCAINE CONC. meantso (mcegim} 


Scores, acid-base status and ENNS were not signifi- References. 

cantly different between groups. l. Abboud TK, Kim KC, Noueihed R, et al: Epidural 
bupivacaine, chloroprocaine, or lidocaine for 

Discussion. In patients with preeclampsia, in cesarean section-maternal and neonatal effects. 

addition to hypertension and proteinuria there is Anesth Analg 1983: 62:914~9. 

hepatic derangement and increased volume of distri- 2. Sibai BM, Anderson GD, McCubbin JH: Eclampsia II. 

bution (2, 3). They also have central nervous Clinical significance of laboratory findings. Obstet 

system hyperirritability with lower seizure thres- Gynecol 1982; 59:153-7. 

hold and imminent convulsions. Lidocaine is almost 3. Chesley LC: Parenteral magnesium sulfate and 

entirely metabolized in the liver. Our study shows the distribution, plasma levels, and excretion of 

that although the peak plasma levels are not signi- magnesium. Am J Obstet Gynecol 1979; 133:1-7. 


ficantly different from normals, the total body 
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Etomidate is a new 
intravenous anesthetic 
agent with several advantages over 
thiopental, including short duration of 
action, less cardiorespiratory depression 
and less histamine release. However, 
recent reports suggest that etomidate can 
induce adrenocortical suppression after 
short term or long term use (1, 2, 3). As 
a result of these findings, it has been 
suggested that the drug no longer be used 
for sedation or for anesthesia Ci 
However, the evidence of a single dose of 
etomidate used for induction of anesthesia 
causing cortisol suppression is lacking; 
therefore, we evaluated the effect of 
Single induction dose of etomidate as 
comparec to thiopental on the suppression 
of cortisol secretion. 


Introduction. 
non-barbiturate 


Methods. Fifty randomly selected 
patients were studied. All the patients 
were premedicated with meperidine and 
hydroxyzine. Control samples were drawn 
prior te induction of anesthesia, this was 
followed by an injection of 150 ug of 
fentanyl. Anesthesia was induced with 
etomidate 0.3 mg per kilogram (n = 33) or 
thiopental 4 mg per kilogram {n = 17). 
Blood samples were drawn at intervals of 
3, 10, 30 and 60 minutes post injection 
for analysis of serum cortisol levels. In 
a sub-group of etomidate patients [n = 
14), additional blood samples were drawn 
at 120 and 180 minutes. The blood pressure 
and pulse rate were also monitored 
throughout the period of study. Results 
were analyzed by the use of student’s 
paired T test. 


Results. All surgical patients had 
normal serum cortisol levels before 
surgery (i521. £ 46 ng/dl). After 
induction of anesthesia, both thiopental 
and etomidate depressed serum cortisol 
levels to 30 percent of control. Serum 
cortisol levels in thiopental group 
returned to control at 60 minutes while in 
etomidate sub-group serum cortisol levels 
were significantly lower (p < 0.01) than 
control value at 120 and 180 minutes. The 
blood pressure and pulse rate remained 
unchanged throughout the period of study. 


Discussion. Since the infusion of 
fentanyl also cause transient depression 
of serum cortisol secretion (4), the 


depression of serum cortisol level 
immediately following the injection is 
probably a reflection of the onset cf a 
stress-free anesthetic status induced by 
these anesthetics. This is evidenced by 
the rapid recovery of serum cortisol level 
with thiopental (Fig 1), where the stress 


level may have heightened with the onset of 
surgery. The longer depression of cortisol 
secretion (> 3 hours) by etomidate could be 
a result of direct depression of the 


hormone synthesis. Wagner et al. (3) has 
shown that etomidate blocks adrenal 
steroid synthesis by inhibiting 


cholesterol~side-chain cleavage enzyme and 
ll Beta-hydroxylase in the rat adrenal cell 
preparations due to the imidazole structure 
in the etomidate compound. As a result, 
there is an increase of 
Deoxycortisol secretion. In a preliminary 
study, we have also demonstrated an 
increase of serum ]11-Deoxycortisol level in 
the etomidate patients. The longer 
depression of serum cortisol level in these 
patients does not associate with any 
recognizable hemodynamical changes. 
Although the depression of cortisol 
secretion in the etomidate patients is not 
sufficient to cause hemodynamical changes, 
one should be aware of this potential 
problem when using etomidate to induce 
anesthesia. 
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Introduction. Controlled studies have shown that 
postoperative analgesia by opiates injected epidural- 
ly is superior to other alternatives (1). However, 
the widespread use of this technique is restricted by 
the requirement of strict postoperative surveillance 
due to the risk of delayed respiratory depression. 
Respiratory depression and adverse effects such as 
urinary retention, nausea/vomiting, pruritis can be 
treated by naloxone (2). It is unclear if epidural 
morphine analgesia is also reversed by naloxone. The 
present double blind study was undertaken to compare 
the influence of two different concentrations of con- 
tinuous i.v. naloxone infusion on the analgesia and 
adverse effects of epidural morphine. 


Method. Fortyfive ASA class I or II patients un- 
dergoing elective gall bladder surgery participated 
in the study which was approved by the Local Ethics 
Committee. Informed consent was obtained. The pa- 
tients were operated under epidural block combined 
with light endotracheal anesthesia. Postoperatively 
the patients were nursed at the Intensive Care Unit 
(ICU) for 24 hours, during this period ECG was moni- 
tored continuously and pulse, blood pressure and res- 
piratory frequency registered every 15 minutes. Samp- 
les were analysed for arterial blood gases every 2 
hours for 24 h. Postsurgical analgesia was provided 
on demand by 4 mg morphine injected in the epidural 
catheter. The patients were randomly divided into 3 
groups of 15 each and naloxone infusion was given in 
a double blind fashion. Patients in group A received 
a bolus injection of 0.4 mg i.v. naloxone followed by 
an i.v. infusion at the rate of 10 yig/kg/h. Patients 
in group B were given half the dose i.e. 0.2 mg bolus 
injection followed by infusion of 5 yg/kg/h of nalox- 
one. Patients in group C received saline as bolus in- 
jection and as infusion. Pain relief was assessed by 
Visual Analog Score (VAS) every hour for 24 h. Uri- 
nary retention was defined as inability to micturate 
spontaneously within 6 h of surgery. 


Results. Low VAS scores (below 3) indicated ef- 
fective analgesia in all patients. However, the 
amount of morphine required for pain relief was sig- 
nificantly larger in group A as compared to the other 
groups. Table shows the duration of analgesia and the 
total dose of morphine required. The mean respiratory 
frequency during the 24 h postoperative period was 
generally lower in the placebo group. Three patients 
(20%) in the placebo group had respiratory frequen- 
cies of 10 or below on different occasions during the 
24 h postoperative period. This was not seen in any 
of the patients receiving naloxone. As compared to 
the placebo group respiratory frequency was signifi- 
cantly higher from 9-17 h in group A (p<0.05) and at 
6, 9, 10 and 14 h in group B (p<0.05). A similar ten- 
dency was seen in PaCOo changes. Compared to preope- 
rative values postoperative PaC02 was lower in pa- 
tients receiving naloxone, the changes were signifi- 
cant from 2-14 h in group A (p<0.05) and from 2-10 h 
in group B (p<0.05). 


Discussion. Our findings indicate that naloxone 
has a dose related effect on epidural morphine anal- 
gesia. A minimal decrease in the duration of analge- 
Sia was noted in patients receiving 5 ug/kg/h naloxo- 
ne, however, 10 ug/kg/h doses naloxone reduced the 
duration of analgesia by about 25%. A tendency to- 
wards respiratory depression following injection of 
4 mg morphine epidurally could be reversed by naloxo- 
ne infusion. Although both concentrations of naloxone 
were adequate for this purpose, the effects were dose 
dependent. Also, naloxone reduces the risk of adverse 
effects. Dilute infusion of naloxone can therefore be 
advocated in patients with high risk of developing 
postoperative pulmonary complications who would 
otherwise be deprived of a superior form of analgesia 
due to lack of ICU facilities. 
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Table. Influence of naloxone on analgesia and 
adverse effects of epidural morphine. 


Group A Group B Group C 
(n=15) {n=15) (n=15) 
Naloxone Naloxone Saline 


10 ug/kg/h 5 ug/kg/h 
Duration o 


analgesia (h) 13.7+2.3 17.843.5 18.5+3.4 
Total dose of 

epidural mor- š 

phine ” (mg) 9.641.2 6.44+0.7 §.9+0.5 
Pulmonary comp- 

lications 1 (7%) 1 (7%) 3 (20%) 
Urinary reten- 

tion * 5 (33%) 8 (53%) 10 (67%) 
Nausea/ „4 

vomiting 1 (7%) 2 (13%) 3 (20%) 
Pruritis ** - 1 (7%) 1 (7%) 


Tv a r E A aaa aa AAA aaa 


*Values are means + SEM. **Number of patients 
*5<0.01 vs placebo values 
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e Development of the coaxial 
circuit renewed interest in the characteristics of 
Mapleson D type systems during spontaneous 
respiration, When rebreathing is disregarded in 
favor of maintaining normal arterial tensions 
(PaCO5), recommended fresh gas flows (Vp) in 
adults have ranged from 100-300 ml/kg/min(l, 2). In 
adults a more respiratory depressant anesthetic, 
enflurane, causes a greater initial volume of 
rebreathing at high Vp with a lesser increase in 

rebreathing as Vp are decreased when compared 
to halothane (3). However, no study has addressed 
the V, necessary to prevent an increase in P 
in spontaneously breathing children at differen 
depths (respiratory depression) of halothane, This 
study was designed to determine if a spontaneous 
respiration Vp index which would prevent a rise in 
Pai from control could be determined for various 
de of halothane anesthesia, 

Methods. Two groups of children having 
urologic or extremity surgery lasting more than 2 
hours were studied. Each child's parents gave 
informed consent and the study was approved by the 
hospital's Human Research Committee. Group l 
consisted of 16 unpremedicated children (age 1.5 ~ 
ll years) anesthetized with No0/0, (50%-50%) and 
halothane using a coaxial circuit. All patients 
were intubated and 9 received a caudal while 7 had 
no regicnal anesthesia. V, was then statistically 
set randomly at: 15,000, 10,000, 5,000, 4,000, 
3,000, or 2,500 ml/m*/min, and the anesthetic set 
at 1.3 MAC (end tidal corrected for altitude) 
using a Beckman LB-2 halothane analyzer, Then a 
22 or 24 gauge catheter was placed in the radial 
artery of the non~dominant hand. After 20 min of 
spontaneous respiration at a particular V,; heart 
rate (HR), blood pressure (BP), respiratory rate 
{f), esophageal temperature (ET), F r FCO, 
PaO», PaCo, arterial pH, and tida volame { 
were measured, The V, was then set at another 
flow keeping F with NoO at 1.3 MAC, Following 
each 20 min period, the above measurements were 
repeated, Group 2 consisted of 17 unpremedicated 
children (age 1.3 ~ 15 years). Eight had a caudal 
and 9 had no regional anesthesia. These children 
were treated exactly as Group 1 except Fr pH with 
N0 was kept at 2.3 MAC. 

Results. HR, BP, f, ET, PaO», and arterial pH 
showed no significant difference at any VF when 
compared with control values obtained at VF 15,000 
ml/m“/min. In group 1 (seventy-seven sets of 
determinations) Paco, did not increase 
significantly from the control of 36.8 torr until 
Ve was below 4000 ml/m“/min, (Fig. 1) Fg and 
vy algo only increased when V, was less 4000 
ml/m“/min. In group 2 (eighty~eight sets of 
determinations) Pai did not show a significant 
increase from the control of 49.5 torr at any Ve 


84103 


tested. (Fig. 1) TV also showed no increase at 
any Vpe FppCO did show a significant rise when 
Vp was less than 4000 ml/m*/min. In both groups, 
FCO. varied inversely ith Vp, but was only 
signíficant at 5000 ml/m“/min or less, Surgical 
stimulation was not influencial since there was no 
significant difference between patients receiving 
and those not receiving regional anesthesia in 
either group. 

j ion. In this study a rise in PaCo, 
was used as the indicator of significant CO 
retention under light and deep halothane 
anesthesia. At 1.3 MAC {light) halothane 
anesthesia signif icant, CO, retention occurred at 
Vp, less than 4000 ml/m“/min, These results are 
similar to those reported for adults with 
halothane anesthesia (3). At 2.3 MAC (deep) 
halothane anesthesia no significant retention 
greater than the control was seen at any V 
tested, This is similar to results with enflurane 
(3), and suggests that the initial rise in PaC0y 
produced by the respiratory depression of the 
anesthetic is not further elevated with the V. 
used in this study. Thus, this study indicates 
that the V, in a coaxial circuit during sponta- 
neous respiration in children at the usual 
clinical depths of halothane/N.0 anesthesia should 
probably not be less than, nor need exceed, 4000 
ml/m“/min to prevent significant 00, retention. 
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Introduction. Midazolam maleate is a water solu- 
ble benzodiazepine with a shorter half life and dura- 
tion of action than diazepam. It has been shown to 
have a relatively rapid onset (1) and, as such, has 
been suggested as an anesthetic inducting agent for 
short procedures (2). Tne purpose of our study was 
to ascertain the rapidity of return of psychomotor 
skills with midazolam compared to thiopental and to 
assess the drug's short-term amnestic qualities. 

Methods. Sixty-two ASA I and II patients under- 
going minor elective surgery were included in the 
double-blind, randomized, parallel-group study. On 
the day of surgery, prior to anesthesia, ali subjects 
(31 midazolam, 31 thiopental) were treated for hand 
coordination (peg board manipulation), vigilance 
(serial dot crossing), spatial concepts (placing 
blocks in holes), and short-term learning (repeated 
digit series). Additionally, they were shown a large 
dollar bill for post-anesthesia recognition (retro- 
grade amnesia). 

Five minutes prior to induction of anesthesia all 
subjects received fentanyl 2.0 pg/kg IV. Anesthesia 
was induced with either midazolam (0.2 mg/kg) or 
thiopental (3.5 mg/kg) and induction was considered 
complete with the absence of eyelid reflex, voluntary 
movement, and response to verbal command. Standard 
cardiovascular and respiratory variables were moni- 
tored periodically throughout anesthesia. Surgical 
anesthesia included 67% N20 and increments of fen- 
tanyl (25 ye) or the study drug (25% of inducting 
dose) given appropriately to attenuate responses to 
surgical stimuli. 

When they were judged non-drowsy (normally conversant 
and oriented X 3) in the recovery room, all subjects 
were shown and identified pictures of 10 common ob- 
jects and the psychomotor tests were repeated hourly 
for 6 hours and again 24 hours after orientation. At 
24 hours the object pictures and large dollar bill 
were displayed again and the patients were asked to 
identify those seen before. Recognition constituted 
lack of amnesia. Statistical analysis between groups 
was by analysis of variance for anesthetic induction 
time and time to orientation. Recovery of psycho- 
motor skills was judged by the Cox proportional re- 
gression model and amnesia was compared by the 
Mantel-Haensgel test. Values denote the mean + l SEM 
unless otherwise noted. This investigation was ap- 
proved by the Human Research Committee. 

Results. Both groups were similar with respect to 
age, weight, length of surgery and drug increments 
during surgery. However, there were statistically 
Significant differences between the midazolam and 
thiopental groups for anesthetic induction time (97 + 
10.9 vs 59.4 + 5.0 sec — px0.01 and time to orienta- 
tion (31.7 + 4.2 vs 11.0 + 1.1 min - p@.01). Psy- 
chomotor skills returned more slowly with midazolam 
(Table 1) and anterograde amnesia was noted in 85% of 
the midazolam patients compared to 31% in the thio- 
pental patients (Table 2). Retrograde amnesia was 
not demonstrated in either group. There were no 
Significant differences between the drug groups in 
postoperative complaints. 


Brackenridge Hospital, Austin, Texas 


Discussion. While return of psychomotor skills 
was more prolonged with midazolam, it was lengthy in 
both groups and supports the suggestion that, follow- 
ing minor surgery under general anesthesia, patients 
have a much delayed return of motor and judgmental 
skills (3). The longer induction time and interval 
to postoperative orientation for the benzodiazepine 
are within acceptable ranges for short surgical pro- 
cedures. Overall, patient acceptance of both drugs 
was equivalent and the degree of anterograde amnesia 
was acknowledged positively by the affected midazolam 
patients. 
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Table 1 
PSYCHOMOTOR SKILL TESTS 


Time For 75% of Patients To Reach Baseline Levels 


MIDAZOLAM THIOPENTAL 
(Min) (Min) 
PEGS TURNED IN 30 SECONDS 320 250* 
DOTS CROSSED CORRECTLY 281 194°" 
BLOCKS INSERTED 241 151 
DIGITS REPEATED CORRECTLY 114 ie 
DROWSINESS 122 a 


*Thiopental Shorter Than Midazolam Group (p<0.05) 


*kThiopental Shorter Than Midazolam Group (p<0.01) 





Table 2 
ANTEROGRADE AMNESIA (% Of Patients Evaluated) 
ABSENT PARTIAL COMPLETE 
MIDAZOLAM 0 15.2 84.8” 
THIOPENTAL 51.4 17.1 31.4 





*Differs from Thiopental Group (p<0.01) 
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Introduction: Animal fetuses utilize only 50% of 
their total 0% consumption for aerobic metabolism 
of glucose (65 and the balance for i? ate 
other substrates, notably lactate ( This 
study assesses in humans how the Bike require- 
ments are met in maternal and fetal tissues. 
Methods: The study was approved by the local 
research committee. Patients gave informed con- 
sent. Twenty healthy patients (age, 28+3, 1 SD 
and weight 73+4 kg) carrying a single term gesta- 
tion were scheduled for elective cesarean section 
under lumbar epidural anesthesia (LEA). They were 
hydrated with 1200 mi lactated Ringer's solution 
before LEA was induced by injecting 18+5 ml lido- 
caine 1.6% with 1:200,000 epinephrine through a 
catheter inserted through the L3-L4 intervertebral 
Space. Patients inhaled 0.5 FIO2. Systolic blood 
pressure was maintained at or above 100 torr by 5 
mg intravenous ephedrine injections. Left uterine 
displacement was maintained. Maternal metabolism 
was studied in the forearm. At the time of deli- 
very, blood samples were obtained from the mater- 
nal radial artery (MA) and the median basilic vein 
(MA and MV) for the measurement of P02, PCO2, pH, 
hemoglobin (Hb) concentration (%), and Hb oxygen 
content (CHb02), glucose, lactate and pyruvate 
(P). Neonatal umbilical vein and arterial (UV and 
UA} blood was sampled for the same measurements. 
Uterine incision to delivery (UD) interval and 
neonatal Apgar scores were noted. An 
Instrumentation Lab (IL) co-oximeter 282 wes used 
to measure Hb% and CHbOo. This instrument is 
accurate for these measurements.” Gregory's 
values for adult and fetal Hb-O9 carrying capacity 
was used to program the co-oximeter.4 Total blood 
Oo content (CBOe) was calculated by adding the 
volume of oxygen in physical solution (0.0031 x 
temp corrected P02) to HbOeg. An IL 1303 blood gas 
analyzer was used to measure pH and gas tensions. 
G {glucose oxidase method), L and P (Lactic 
dehydrogenase method) were measured in depro- 
teinized whole blood. Base excess (BE) was calcu- 
lated by Severinghaus' equation. Excess lactate 
(XL, the portion of the measured L which cannot be 
accounted for by the measured P) was calculated 
using Huckabee's equation. XL represents anaerc- 
bic metabolism. Results were expressed as X + SEM 
and analyzed by t-test. 

Results: UD interval was 110 + 8 seconds. No baby 
had an Apgar score of <7 at 1 min or <9 at 5 min. 
Seven patients required 11 + 1 mg ephedrine. 
Maternal and fetal pH, blood gas tensions and BE 
are shown in Table 1. The maternal A-V G dif- 
ference ( A ) was 0.86 mmol/L and the CBOe was 2.99 
mmol/L. (Table 2.) The figures for the neonate 
were 0.78 for AG and 2.79 for ACBOs. The MV L was 
0.29 mmol (AL) higher than MA L (p<0.01) and UAL 
0.03 mmol higher than UV L (p<0.05). P did not 
differ between MA and MV or UV and UA. XL was 
Significantly greater in MV blood than MA but did 


not significantly differ between UV and JRLTabTE 2) A) 


Six moles of 02 are required 


Discussion: 
COMP ETS ae robic G combustion. 


Thus, the observed 


S. Ramanathan, M.D., 


J. Arismendy, B.S., H. Turndorf, M.D. 


Department of Anesthesiology, New York University Medical Center, 
550 First Avenue, New York, N.Y. 10016 


ACBO9 in the mother and fetus could account for the 
aerobic metabolism of 0.50 mmols of G in the mother 
and 0.465 mmol in the fetus. Higher L levels in MV 
and UA without P increases suggest some anaero- 
biasis. One mole of G yields 2 moles of L anaero- 
bically. The maternal AL may account for the 
anaerobic metabolism of 0.145 moles of G and fetal 
AL for only 0.06 moles of G, thus explaining the 
higher XL in MV blood than in UA blood (p¢0.01). 
Uteroplacental perfusion and oxygenation were wel] 
maintained which obviated the need for anaerobic 
metabolism in the mother and fetus. The low level 
anaerobiasis probably represents the same mechanism 
which becomes prominent during hypoxia.’ The 
remaining 0.215 mole of G (0.86-(0.50+0.145)) was 
probably stored as glycogen in the mother. In the 
fetus, the balance 0.26 moles (0.78-(0.465+0.06)) 
was Stored. Because UA L was greater than UV L, 

the fetus probably did not utilize L as a 

nutrient. The fate of G in the mother and fetus 

is summarized in the figure. In summary, all] aero- 
bic demands are met by G in human fetuses, which 
explains why neonates tolerate hypoglycemia poorly. 
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Table 1: 
MA MV UV UA 
POo(torr) 210 2g 34 17 
(10) (3) (2) (2) 
PCO (torr 30 41 41 50 
(1) 
pH 7.4 1536 7,33 7.28 
(0.01) 
BE -6.2 -6.6 -3.85 -3.31 
(mmo1/1) (0.7) 
Table 2: 
mmo T/L MA MV UV UA 
G 6.16 PE 5.18 4.4 
(0.3) 
L 1.08 1,37 0.97 1.1 
0.1 
P 0.08 0.0 0.07 0.08 
(0.01) 
XL 0.21 0.59 0.22 0.29 


(0.01) 

CBOs (STPD 5.66 2.07 4.97 2.18 
(0.2) 

Legend: Figures within parentheses are + 1 SE 


Figure: 


GLUCOSE UTILIZATION 


58% -> COs +H20 41-60% 
I7 % >LACTATE © 7% 
25% —» STORAGE < 33% 
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Introduction. Since No0 interferes with DNA 
synthesis (1), it may be detrimental to early 
embryonic development. Such an effect may be a 
cause of the wide variation in success rate of egg 
fertilization and pregnancy following in vitro fer- 
tilization (IVF) (2). We investigated whether NoO 
influences the success rate of fertilization or 
pregnancy after IVF. 


Methods. We obtained institutional approval 
and informed consent to study patients undergoing 
elective oocyte retrieval for IVF. Thirty-two 
patients were randomly assigned to receive an 
anesthetic with (n = 17) or without (n = 15) 60% 
No0. All patients received < 1.15 MAC of inhalation 
anesthetic (NoO plus isoflurane). Anesthesia was 
induced with thiopental, and endotracheal intubation 
was facilitated by a small dose of d-tubocurarine 
and succinylcholine 1.5 mg/kg. Subsequent muscle 
relaxation was provided by isoflurane and, if 
needed, an infusion of succinylcholine. In addi- 
tion, 19 of the 32 randomized subjects received fen- 
tanyl (less than 4 ug/kg) prior to oocyte retrieval 
(not different between groups). Ventilation was 
controlled to obtain end-tidal concentration of 30- 
35 mmHg for carbon dioxide, and less than 1.15 MAC 
for isoflurane and NoO (as monitored by mass spec- 
troscopy). In all instances, the gas insufflated 
into the peritoneum was carbon dioxide. The number 
of oocytes retrieved, their fertilization rate, and 
the number of resulting pregnancies were compared 
using Chi square analysis with a Yates correction. 


Results. Forty-six oocytes were obtained and 
74% were fertilized for the 15 patients not given 
No0 compared with 49 oocytes obtained and 73% fer- 
tilized for the 17 patients given NoO (P > 0.95). 
Not enough pregnancies resulted to make statistical 
testing valid. For the total in vitro fertilization 
population (both randomized and not randomized), 61 
oocytes were obtained and 75% were fertilized for 
the 21 patients not given N20, and 109 oocytes were 
obtained and 70% were fertilized for the 36 patients 
given NoO (P > 0.90). 


Discussion. Success rate of IVF might be as 
low as published for several reasons (2). Fertili- 
zation may be that low in vivo, the in vitro 
environmental conditions may not be perfect, or 
drugs administered during the procedures may alter 
oocyte fertilization. Anesthetic agents will be 
distributed to the follicular fluid and oocyte. 


Nitrous oxide might be expected to affect oocyte 
function and embryologic development by inhibiting 
methionine synthetase activity. It may thus 
decrease thymidine available for incorporation into 
DNA. - However, because it can be diffused rapidly, 
nitrous oxide might not influence the success rate, 
Thus, in the few minutes it takes to transfer the 
oocyte to a test tube, virtually all nitrous oxide 
is gone from the oocyte milieu. Use of nitrous 
oxide might increase fertilization success by allow- 
ing reduced concentrations of other potentially 
toxic and less diffusible anesthetics. In fact, 
isoflurane has been reported to be teratogenic in 
one mice species. Human embryogenesis is most 
vulnerable to teratogenic trauma from days 18 to 60 
of pregnancy. Theoretically, the effects of earlier 
exposure to toxins would be limited to developmental 
arrest, embryonic death, or failure to implant. In 
fact, over 350 babies have been born without a 
reported chromosomal abnormality after IVF. Thus, 
the concerns of anesthesia for the fetus during IVF 
can be directed toward maternal health and oocyte 
function. 


Based on this limited data, nitrous oxide does 
not appear to affect fertilization of retrieved 
oocytes. Based on sample size, we would have found 
(with a 90% confidence) an effect of N20 if it had 
caused as little as a 25% change in fertilization 
rate. This study will continue so that it can be 
determined if nitrous oxide has a small effect (25% 
or less) or affects the pregnancy rate of IVF. 
Further study contrasting spinal anesthesia with 
general anesthesia for IVF seems warranted. 
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Introduction. Clinical observation suggests 
that older individuals have more labile cardiovascu- 
lar responses to anesthesia (depression) and surgery 
(stimulation).1,4 To test this impression, we stu- 
died the hemodynamic and catecholaminergic responses 
to anesthetic induction and to incision. 


Methods. With approval from our committee on 
human research and with informed consent, we ran- 
domly assigned 41 unpremedicated ASA I or II 
patients (aged 19 to 75) to receive 1.25, 1.5, or 
1.75 MAC islflurane plus NoO (combined MAC for iso- 
flurane and N20) together with fentanyl 5 ug/kg and 
oxygen. Doses of isoflurane and fentanyl were age- 
adjusted according to previously published data for 
isoflurane.3 Incision was made at least 20 min 
after induction of anesthesia with thiopental 4 
mg/kg (age-adjusted) and endotracheal intubation 
(facilitated with succinylcholine). The dose of 
thiopental was also age-adjusted.’ The fentanyl was 
given as a bolus at the time of intubation. Three 
and 1 min before induction and every 2 min following 
endotracheal intubation, we measured blood pressure 
and heart rate. Any time systolic blood pressure 
decreased to less than 80 mmHg in the "postinduction 
period" (i.e., after induction and before incision) 
hypotension was said to occur. Three and 1 min 
before incision and 3, 5, and 10 min ater incision, 
we measured systolic blood pressure and heart rate 
and obtained peripheral venous blood samples for 
measurement of norepinephrine and blood gases. Ste- 
tistical analysis included least mean-squares 
regression and cone- and two-way analyses of vari- 
ance. 


Results. Sixteen patients had systolic blood 
pressures less than 80 mmHg during the postinduction 
period: this hypotension occurred in 5 of 23 (22%) 
individuals under 41 years of age, in 7 of 14 (50%) 
between 41 to 66 years of age, and in 4 of 7 (57%) 
individuals age 66 or over {p < 0.05). The lowest 
systolic blood pressure (SBP) attained in the pos- 
tinduction period correlated significantly with age 
for the entire group and in each MAC group. The 
correlation is defined by the line: SBP = 110 - 
(0.46 x age); (r= 0.5, p < 0.007). At any dose of 
anesthetic, older individuals had greater absolute 
and percentage increases in systolic blood pressure 
in response to incision. For example, at 1.25 MAC, 
the percentage change in blood pressure to incision 
= (2 x age) ~ 64; (r= 0.8, p < 0.02, n= 8); and 
change in blood pressure = (1.4 x page) - 40; (r= 
0.77, p < 0.03). The increase in norepinephrine 
levels in response to incision tended to increase 
with age but did not reach statistical significance 
(e.g. r = 0.44, p= 0.2, n= 6, for 1.25 MAC). 


Discussion. Our data support the clinical 
impression that postinduction hypotension is more 
likely to occur in the aged, and that incision is 
likely to produce a larger percentage increase in 
blood pressure in the aged. The large fraction of 
older patients who became hypotensive probably 
overestimates what happens in clinical practice: 
our protocol involved administering anesthesia for a 
substantial period of time without surgical stimula- 
tion. This time period existed to allow establish- 
ment of stable levels of anesthesia. Undoubtedly, 
in routine clincial practice, one tries to decrease 
the anesthetic administered when surgical stimula- 
tion is absent. 

Aging may have produced greater changes in 
blood pressure in the postinduction period and after 
incision because elderly individuals tend to have 
cardiovascular compromise and operative procedures 
for diseases that produce dehydration. However, all 
our patients appeared to be normovolemic and all 
were ASA physical status class I or II. The larger 
percentage and absolute changes in blood pressure 
with induction and incision in the elderly also 
might be attributed to their less elastic arterial 
walls, to less efficient baroreceptors, to a greater 
change in alpha- versus beta- adrenergic responses 
to stimuli, or to a larger hormonal response in gen- 
eral to stimuli. Perhaps the slope of the curve 
relating dose of anesthesia necessary to block move- 
ment to age is less steep than that relating dose of 
anesthesia necessary to block cardiovascular 
responses to age. This latter hypothesis remains to 
be proven. 
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Introduction. Persistent abnormal decreases in 
systemic vascular resistance (SVR) subsequent to 
restoration of flow after aortic reconstruction 
grafting is usually due to occult bleeding. When 
these decreases in SVR are followed by overt bleed- 
ing, an anaphylactoid reaction to graft material 
with release of chemical mediators of hypersensi- 
tivity is rarely suspected. In fact, no report of 
an anaphylactoid reaction to vascular grafting 
material exists in the literature. We present five 
cases of suspected anaphylactoid reactions to two 
vascular grafting materials; these reactions 
presented as rapidly decreasing SVR followed by con- 
sumption coagulopathy. In two of these cases, blood 
samples diverted from studies fortuitously in pro- 
gress permitted biochemical] verification of anaphy- 
lactoid reactions. Such biochemical markers were 
not present in control patients. 


CASE REPORTS. Case 1: A 55-year-old female 
underwent aortoceliac and aorto-superior mesenteric 
revascularization on 6/28/81. Surgery proceeded 
uneventfully until the bifurcation graft (knitted 
Dacron-Milliknit 10 X 5 Lot 12B - preclotted) was 
opened. SVR (dynes¢sscm-?) decreased from 1,800 to 
833 over 10 min without evidence of bleeding. Ten 
min later, the graft began to leak rapidly from its 
interstices. Bleeding continued for 3 h. Analysis 
of plasma confirmed consumption coagulopathy. The 
graft was replaced by a different graft material 3 h 
later, but not before the patient received 76 units 
of blood. No biochemical evidence of a transfusion 
reaction was present. The patient died 8 days later 
of camplications of consumption coagulopathy. Case 
2: On 12/21/83 GAC underwent aortic reconstruction. 
Operation proceeded uneventfully until blood flow 
through the knitted Dacron graft (Milliknit 12 X 6 
lot K8B - preclotted) was restored. SVR (dyneses>» 
em) fell from 1,800 (before declamping) to 860 3 
min after flow was restored. Seven minutes later 
SVR uncharacteristically continuted to decline to 
611. No surgical bleeding was found. No biochemi- 
cal evidence of a transfusion reaction was present. 
The patient had cutaneous erythema. Ten minutes 
later, bleeding occurred through the interstices of 
the graft. SVR was restored 3 h later (12 units of 
blood had been transfused) only after replacing the 
graft with one made of another material. Case 3: 
On 12/22/83 a 70-year-old woman underwent aortic 
reconstruction, which proceeded uneventfully until 
the bifurcation graft (Milliknit 12 X 6 lot K8B - 
preclotted) was opened. SVR (dynes-s-cm-9) dropped 
from 1,824 to 1,200 3 min after flow was restored 
and uncharacteristically to 580 over 20 min. In 
addition, cutaneous erythema occurred, and the graft 
started bleeding from its interstices. A 20-unit 
blood loss ensued over the next 30 min. With the 
previous day's experience (Case 2) in mind, consump- 
tion coagulopathy secondary to an abnormal reaction 
to the graft material was suspected. Evidence docu- 
menting consumption coagulopathy was obtained. No 








biochemical evidence of a transfusion reaction was 
found. The graft was replaced with one of another 
material and the rest of the patient's hospital 
course waS unremarkable. Case 4: At another hospi- 
tal, on 1/20/84, a 70-year-old-man underwent aortic 
bifurcation grafting with a Meadox double velour 
knitted 18 X 10 mm graft (lot #081010). Soon after 
restoration of flow SVR fell, cutaneous erythema 
occurred, and excessive blood loss ensued through 
the graft's interstices. The patient was assumed to 
have a transfusion reaction and was given diuretics 
and epinephrine. Over the next 2 1/2 weeks, 500 - 
1000 mg of iv epinephrine was required every 24 h to 
maintain SVR. The patient died of ARDS. Graft 
material was not microscopically examined at 
autopsy. Case 5: After case 3 occurred, the authors 
obtained a list from the manufacturer of purchasers 
of lot K8B 12 X 6 mm Milliknit grafts. Upon calling 
one institution that had purchased 18 of these, we 
learned of an operation the previous day that pro- 
ceeded identically to Case 3. The surgeon stated he 
had to replace the graft with another type to 
restore normal SVR and hemostasis. 





Laboratory Evidence of Anaphylactoid Reactions 


(from Cases 2 and 3). Patients 2 and 3 (and two con- 
trol patients undergoing similar operations) were 
participating in a study in which blood samples were 
obtained before and shortly after graft replacement 
(before major bleeding occurred). With patient per- 
mission, blood from those studies was diverted to 
evaluate the possibility of a reaction to graft 
materials. After graft replacement, patients 2 and 
3 had a 6- and 35-fold increase in thromboxane B2 
that did not occur in either of the two control 
patients. Histamine levels were markedly elevated 
in patient 3, but no alteration in PF4, leuko- 
trienes, or 6-KETO PGFFLieg was noted. Not enough 
plasma was available to evaluate these substances in 
patient 2. Patients numbered 2 and 3 had substan- 
tial increases in C3a after graft insertion. In 
patient 3, there was a 50-fold increase in kal- 
likrein after the graft was inserted with return to 
normal after graft removal. Serum from patient 3 
caused activation of kallikrein in vitro. No such 
increase occurred in the plasma of control patients. 





Discussion. Bleeding after vascular graft 
replacement is most often attributed to surgical 
technique. In all five of these cases, consumption 
coagulopathy occurred, triggered we believe by con- 
tact activation of plasma by graft material. These 
anaphylactoid reactions were initially manifest by 
persistently decreased SVR and erythema followed by 
consumption coagulopathy. It is important to recog- 
nize such reactions quickly, as survival appears to 
depend on rapid graft replacement. 
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Introduction 


Alcohol exerts analgesic effects similar to those 
of morphine for applied somatic pain. Observations 
that naloxone can reverse ethanol coma have led to 
speculation that the two drugs may act through 
similar pathways! To study this idea, the effect of 
naloxone on pain threshold, short term memory, motor 
skills and reaction time in subjects treated with 
morphine or ethanol was tested. 


Methods 


The study was approved by the Ethics Committee. 
Eight subjects were subjected to the experimental 
procedure twice, receiving at random morphine on one 
occasion, and ethanol on the other, at an interval of 
two weeks. Pain threshold was tested by the applica- 
tion of pressure to the bare area of the tibia. Motor 
skills were assessed by the use of a pursuit rotor 
on which a pointer had to be kept on an eccentrically 
rotating disc over a period of one minute. Deviations 
from this disc were electronically scored. Re-action 
time was measured as the time taken to press the 
correct button to extinguish one of three different 
colored lights expressed as a mean of ten attempts. 

A digit span recall test was used to assess memory, 
using computer generated random numbers of 5 digit 
lengths. If at least one out of three attempts was 
correct, the digit span was increased by one tc the 
point of failure. The subject was scored by multiply- 
ing the number of correct responses by the digit span 
at each level. Subjects were permitted as much prac- 
tice as was necessary to achieve consistant sccres 

on each test to minimize practice effects. 

After starting an i.v. line, baseline measure- 
ments of all tests were performed. Alcohol sutjects 
were given a loading dose of 0.75 ml/kg ethanol as a 
10% solution in saline, followed by a pharmacokineti- 
cally predicted steady state infusion rate of C.0025 
ml/kg/min. Blood ethanol levels were estimated by 
accurate analysis of ethanol content of expired air. 
Morphine subjects were given a loading dose of 0.2 mg/ 
kg followed by an infusion of 0.004 mg/kg/min. It was 
not possiovle to assay morphine levels. The loading 
dose was given over 20 minutes, and the steady-state 
infusion over a further 10 minutes. A second set of 
measurements were then made. Naloxone 0.015 mg/kg 
was then administered i.v. and after a further 10 
minutes, the final set of readings recorded. The 
infusion was maintained throughout. 


Results 


There was an increase in pain threshold of 7.T# 
1.7 pain units in the alcohol group and of 6.141.5 
pain units in the morphine group (p< 0.005 for both 
groups). Following naloxone, there was a significant 
reduction in pain threshold to baseline levels in the 
morphine group (p< 0.005). There was a small fall 
in the alcohol group (3.142. pain units) but this 
did not reach statistical significance. The 
difference between groups was significant az the 
0.05 level. 

Ethanol caused a significant impairmenz of motor 


skills. The mean error secre increased from 29.75:7.8 
to 90.5421.1 after ethanol administration (p<0.05). 
Naloxone reduced this to 44.1413.9 (p< 0.05). Mor- 
phine produced a smaller non-significant rise from 
22.248.9 to 32.946.7. Following naloxone, there 

was a significant improvement to a score of 17.5+5.6 
(p<0.01). The difference between baseline and post- 
naloxone scores was not significantly different. 


Neither drug-impaired memory or reaction time 
and naloxone was without effect. 
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Discussion 


Ethanol analgesia may be partially reversed by 
naloxone, but to a significantly smaller degree than 
the reversal of morphine-induced analgesia. Naloxone 
produced significant reversal of the motor skills im~ 
pairment resulting from ethanol infusion and also im- 
proved the scores following morphine infusion, although 
morphine had only a minor effect on coordination. 

These results suggest that the analgesia produced by 
ethanol is at most only partiy mediated through the 
opioid pathway. The effect of naloxone on some of the 
characteristics of ethanol intoxication are more likely 
to be mediated through a non-specific action rather 
than via the opioid system. 
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Introduction: BW B1090U, a new nondepolarizing 
relaxant,has a fast onset and a short duration of 
action lacks cumulative effects, and bas a 
neuromuscular:cardiovascular safety margin of about 
10:1 in animals . For these reasons, a trial in 
human volunteers was felt warranted and was 
undertaken to construct approximate dose-response 
curves for neuromuscular and cardiovascular 
responses prior to testing in patients undergoing 
surgical procedures. 


Methods: Eighteen male volunteers (ages 21-40) 
gave written informed consent. No premedication 
was administered. Arterial and venous cannulae 
were placed under local anesthesia. General 
anesthesia was induced with fentanyl (6-8 g/kg) 
and thiopental (6-8 mg/kg), and the trachea was 
intubated under topical anesthesia. Ventilation 
was then controlled with nitrous oxide and oxygen 
(4L/2L) to maintain end-tidal CO, in the range of 
30-35 mmHg. The ulnar nerve was stimulated via 
needle electrodes with supramaximal pulses to 
elicit the single-twitch adductor response of the 
thumb at 0.15 Hz. Arterial pressure, heart rate 
(via tachograph) and twitch were simultaneously 
recorded. After 15 minutes stable baseline, BW 
B1090U was injected as a rapid bolus (5-10 sec) 
into a rapidly running I.V. stream. 

Volunteers #1 and 2 received graded doses spaced 
15-30 min apart until 10-202 block of the twitch 
was achieved. Volunteers #3~-18 each received a 
Single bolus dose of BW B1090U. Dosage was 
increased in a graded sequence in volunteers #3-18 
from 0.04 to 0.25 mg/kg. In volunteers #7-18, a 
second dose of BW B1090U was given after complete 
recovery from the first dose in order to 
re-establish full paralysis of the twitch. When 5% 
twitch recovery was achieved from this dose, an 
infusion of BW B1090U was begun. The infusion rate 
was controlled to maintain 90-99% twitch depression 
for 30-120 minutes. Infusion duration (30, 60, 90 
and 120 minutes) was increased sequentially in 
pairs of volunteers. Volunteers #13-18 received 
the longest infusions (120 min). When the infusion 
was terminated, spontaneous recovery was observed 
in the odd numbered individuals. In even numbered 
volunteers, antagonism of residual blockade was 
tested by administering neostigmine (0.06 mg/kg) 
and atropine (0.03 mg/kg). 

Results were analyzed where appropriate by 
linear regression on probit values, by analysis of 
variance and by student's t-test. 


Results: The ED95 is approximately 0.07 mg/kg. 
The duration of action (injection to 95% return of 
twitch) was 26.3 minutes at 0.1 mg/kg, the lowest 
dose producing 100% block. Neuromuscular data are 
summarized in Table l. 





Table 1l 
Dose v4 Onset Duration 
(me /kg) n Block (min) (min) * 
0.04 2 62 4.0 15.6 
0.06 2 70 4.0 20.6 
0.08 2 75 4.3 14.6 ~ 
0.10 2 100 3.8 26.3 
0.15 2 100 2.7 34.6 
0.20 3 106 2.5 29.0 
0.25 3 100 1.7 32.0 


* injection to 95% of control twitch 


Spontaneous recovery time (5-95%) averaged 15.8 
minutes for all doses above 0.08 mg/kg (n=10). 
Corresponding time after 1 to 2 hour infusions 
(n=5) averaged 16.9 min. Similarly, recovery times 
(25-75%) averaged 7.5 min and 6.9 min after all 
single~bolus doses producing 100% block (0.1-0.25 
mg/kg) and after 1-2 hour infusions respectively. 
The differences were not significant. In six cases 
where neostigmine was given to antagonize residual 
block at the end of infusions, reversal from an 
average twitch height of 20% to 95% required 5.6 
min. The 25-75% recovery time averaged 2.6 min. 


Cardiovascular Effects: At up to 0.15 mg/kg, 
changes in heart rate and arterial pressure were 
less than 5%. At 0.2 and 0.25 mg/kg (approximately 
3-4xED95), decreases in arterial pressure and 
increases in heart rate were noted. In the six 
individuals who received these highest doses, heart 
rate increased an average of 25% and arterial 
pressure decreased an average of 2524. These 
changes were brief, lasting 1-3 min. 


Conclusion: BW B1090U is a potent 
nondepolarizing neuromuscular blocking drug with 
short duration of action, minimal cumulative 
effect, and reasonable cardiovascular safety. For 
these reasons, further studies in surgical patients 
seem justifiable. 
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Introduction. Opioid analgesics act at both 
Spinal and supraspinal sites, but it is still widely 
assumed that they do not alter conduction in 
peripheral nerves. However, opioid binding sites 
have been demonstrated on dorsal roots in adult 
mammals (1). Jurna and Grossmann (2) reported that 
the intra-arterial injection of morphine (2 mg/kg) 
Significantly reduced the compound action potential 
of A-delta and C fibers of cat's sural nerve in 
vivo, but these results have not been verified by 
others. The purpose of the present study was to 
determine if the direct application of morphine on 
peripheral nerve caused detectable changes in the 
compound action potentials of A-beta, A-delta, and C 
fibers. 


Methods. The superficial radia] nerve was 
exposed in three sites on the forelimb of 
decerebrate cats. The skin around each exposure 
site was mounted on a smal! metal ring forming a 
wel] that provided access to the nerve. Paraffin 
film was placed beneath the nerve to shield it from 
the surrounding tissue. Silver electrodes were 
placed in the proximal well for stimulation and in 
the distal well for recording. The central well, 
which was used for drug administration, was sealed 
with paraffin film in order to retain moisture and 
heat. The nerve in the outer wells was covered with 
è paraffin oil pool that was maintained at 37 + 
0.59C. Stimulation was performed with single ` 
rectangular pulses of 0.05 msec duration, 1 Hz for 
16 seconds. Following control studies, morphine 
sulfate (5 mg/ml or 10 mg/ml, each 0.1 ml/kg in 
370C physiologic saline) was placed directly on 
the nerve in the central well and A-beta, A-delta 
and C fiber compound action potentials were observed 
at 5, 15, and 30 minutes. Sixteen consecutive 
responses were stored and averaged by a Nicolet 
Instrument Computer (Model 1074). The areas under 
the compound action potentials of A-beta, A-dalta 
and C fibers were determined by measurement of the 
negative components of these potentials and compared 
with contro] values. Conduction velocities were 
also measured. 


Results. The conduction velocities of A-beta, 
A-delta and C fibers were not significantly changed 
within 30 minutes after the administration of either 
5 or 10 mg/ml (0.1 ml/kg) of morphine sulfate. The 
areas under the compound action potential of the 
A-beta and A-delta fibers were not significantly 
changed either. The only statistically significant 
change (p < .01) was a relatively smal] increase in 
area under the C fiber compound action potential 15 
minutes after 10 mg/m! of morphine (see Table 1). 


Discussion. The results of the present 
investigation indicate that morphine administered 
directly on the superficial radial nerve of cats did 
not reduce the size of the compound action 
potentials or the conduction velocities of A-beta, 
A-delta and C fibers at the concentrations of 5 and 
10 mg/m] (0.1 ml/kg). These results are not in 
agreement with those of Jurna and Grossmann (2). 
The discrepancy may be due to a different route and 
dose of drug administration or different 
temperatures at which the nerves were studied. 


These findings reinforce the concept that 
analgesia following systemic opioid administration 
is unlikely to be due to cpioid effects on primary 
afferents in the periphery. However, these findings 
do not rule out the possibility that opiate 
receptors on the dorsal rcots are important as sites 
of action following spinal opioid administration. 
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Tatle l; 


Integrated negative component of the compound action 
potential (% control + 5.D.}) 


5 MG/ML 0.1 ML/KG MORPHINE 


5 min 1§ min 30 min. 
A-beta 100.14+4.6 97 .6+5.8 101.6+6.5 
(n=4) 
A-delta 94.1+9.3 91.4+9.5 93.8+5.6 
(n=4) 
C 94.9+10.6 95.0+7.7 97.4+10.6 
(n=4) 


10 MG/ML 0.1 ML/KG MORPHINE 


5 min 15 min 30 min. 
ae 100.5+10.3 101.8+10.5 101.8+20.3 
(n=8 
A-delta 97.3+14.6 106.6+26.2 96.5+13.8 
(n=8) 

Ç 106.5+12.2 110.2+5.7 105.9+8.0 
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Introduction. Hormonal, chemical, as well as 
mechanical changes have been implicated to explain 
facilitated spread and increased potency of local 
anesthetic in epidural and subarachnoid spaces dur- 
ing pregnancy.' Cerebrospinal fluid of pregnant, 
postpartum, and non-pregnant patients was studied 
for biochemical changes, specifically CSF protein 
concentration, which could affect the action of 
local anesthetics. 


Methods. The study was evaluated and approved 
by the Committee on Human Research at the Health 
Sciences Center. Spinal fluid was collected from 
6 non-pregnant women between 20-40 years age group, 
6 early pregnant patients between 12-17 weeks of 
pregnancy who required cerclage, 1] term pregnant 
patients for elective C-section, 23 postpartum 
patients who required tubal ligation. In patients 
selecting spinal anesthesia in the above mentioned 
groups, one ml of spinal fluid was obtained prior to 
introduction of local anesthetic in the subarachnoid 
space. CSF was analyzed for total protein content 
using a DuPont Automatic Clinical Analyzer #3. All 
patients entered in this study had clear spinal 
fluid. Patients with medical problems were not 
included in study. Comparisons of each group with 
the control (non-pregnant) group were performed 
utilizing analysis of variance followed by unpaired 
t tests. 


Table I. 
Change in CSF Protein During Pregnancy and 
Postpartum 
CSF Protein Change 
Group (Meant+SEM, mg%)  % of Control 
I. Non-pregnant 27 + 2.4 Control 
(Controls) 
II. Early pregnant TE E 2..3 ~28 
(P<.05)* 
III. Term pregnant 19.2 + 0.8 ~ 30 
(P<.05)* 
IV. Early post- 16.3 + 1.9 -40 
partum 0-18 hrs. (P<.01)* 
v. Postpartum 24.7 + 1.7 -11 
19-36 hrs. (P=0.39 N.S.) 
VI. Postpartum 33.0 E +22 
37-54 hrs. (P=Q0.1] N.S.) 
VII. Postpartum 43.5 + 5.5 +58 
>55 hrs. (P<.001)* 


C R AAAA ARAARA AAAA 


*Significantly different from the non-pregnant 
control group (Group I). 


Results. CSF protein concentration in different 
groups are shown in the table. CSF protein was sig- 
nificantly lower in early pregnant, term pregnant 
and 0-18 hours early pestpartum patients compared 


non-pregnant control group. Between 18 and 36 hours 
postpartum, the CSF protein returned close to the 
control level but continued to exhibit a linear in- 
crease over time, (r = .83, P<.001) with signifi- 
cantly higher (P<.001) than control protein levels 
in the fluid samples taken more than 54 hours post- 
partum. 


Discussion. In pregnancy, plasma protein de- 
creases from 8.8 g/100cc to 7.55 g/100cc.° Changes 
are seen starting early in pregnancy. Similar 
changes could be expected in CSF protein. 

Plasma buffer base decreases from 47 mEq/L to 
42 mEq/L in pregnancy? as a result of decrease in Hb, 
HCO3 and protein. CSF buffer base would be expected 
to decrease similarly due to a decrease in HC03° and 
a decrease in protein. 

Although the protein concentration in CSF is 
much lower than in blood, the CSF concentration is 
sufficient to influence the dissociation of local 
anesthetic in spinal fluid by: 

1) Affecting buffer capacity. Local anesthetic 
agents are salts that need buffer to convert to the 
base form for transport across membranes and into 
C.N.S. and circulation. Decrease buffer capacity 
may allow local anesthetics to remain a salt for a 
longer time and therefore stay longer in the area of 
injection. This will give time to spread further 
within anatomic tissue planes and increase dermatomal 
spread. It will also increase time to complete anal- 
gesia. 2) The lower concentration of protein in the 
CSF during pregnancy and the early postpartum period 
will bind less local anesthetic and therefore may in- 
crease the active, unbound form of local anesthetic 
available for blocking action in the subarachnoid 
Space. Considering the lower volume of distribution 
in CSF and the small dose of local anesthetic used in 
Subarachnoid anesthesia, such reductions in CSF pro- 
tein may be a‘contributing factor in the apparent 
increase in potency of local anesthetics in the sub- 
arachnoid and epidural spaces during pregnancy and 
the early postpartum period. 

In conclusion the temporal pattern of protein 
reduction in early pregnancy, term pregnancy and 
early postpartum match the temporal period of preg- 
nancy related changes in potency of local anesthetic. 
Our results suggest that decreased protein concen- 
tration in CSF increases local anesthetic potency by 
reducing binding of local anesthetic in CSF and re- 
ducing buffer base in CSF. l 
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Introduction: Patients with genital herpes infec- 
tions (HSV) often require anesthesia for cesarean 
section (CS) performed to minimize neonatal 
involvement.! The neurotropic herpes virus is known 
to persist in sensory ganglia and postganglionic 
fibers. There are known cases of neurologic relap- 
ses of herpes zoster following regional 

anesthesia.© General anesthesia (GA) may also be 
hazardous in patients with viral infections because 
anesthetics such as NeO may be immunosuppressants. 3 
In addition, pregnancy may be associated with 
immunosuppression. This report describes our 
experience with regional and GA in patients with 

HSV infections. Our review of literature showed 
that there is only one report of use of lumbar epi- 
dural anesthesia (LEA) which appeared in the form of 
a letter to the editor.’ 


Methods: The total number of patients with HSV 


infection was 56 in the last 5 years in our insti- 
tution. Twenty-three received GA and the remaining 
33 LEA. Some members of the anesthesia attending 
staff in our institution used GA because they feit 
LEA was contraindicated in these patients. 
Anesthesia was induced using thiopental (3 mg/kg 
body weight). Trachea was intubated under suc- 
ecinylcholine induced muscle paralysis. Maintenance 
was done with NoO (50 to 60%) in Oo. Muscle relaxa- 
tion was maintained with d-tubocurare (0.3 mg/kg). 
Reversal of muscle paralysis was achieved using a 
mixture of atropine and neostigmine. All patiants 
were extubated in the operating room uneventfully. 
LEA was induced to TË level by injecting lidocaine 
1.5% with epinephrine 1:200,000 through a Portex 
epidural catheter inserted through the L3-L4 or 
L2-L3 intervertebral space. All patients received 
prophylactic hydration of 1200 ml of Ringer's lac- 
tate solution. Left uterine displacement was main- 
tained. Hypotension was promptly treated with 5 mg 
injections of ephedrine. Patients inhaled 0.5% 
FIOs. After the delivery of the infant, diazepam 
(5 to 10 mg) or fentanyl (50 to 100 ug) were used 
for sedation as needed. Twenty-three patients 
required intravenous sedation. All patients were 
kept in isolation in accordance with the hospital 
policies. The postoperative course was reviewed for 
the presence of symptoms and signs of encephalitis 
(headache, persistent unexplained pyrexia } 102° F}, 
meningitis (signs of meningeal irritation, pyrexia! 
or the development of new lesions and/or flare-up of 
the existing ones. Nursery course of all babies was 
also reviewed for the presence of any herpetic 
involvement. 

Results: There were 20,112 deliveries in the study 
period in our institution. The different sites of 
HSV lesion, and the frequency of positive HSV isola- 
tion are shown in the table. One patient from the 
epidural group was given dexamethasone to promote 
fetal lung maturity. Although her lesions were 
completely healed at the time of delivery, she had 
recurrence in the immediate postnatal period. 
Another patiert was on 5 mg of prednisone po for 
idiopathie thrombocytopenic purpura. Her platelet 
count was normal at the time of delivery. A GA was 


attempted but was abandoned because of difficult 
intubation. The procedure was done under LEA. This 
patient developed pyrexia of > 105° F which was later 
shown to be due to staphyloccal endometritis with 
positive lochial and blood cultures. None of the 
other patients who received GA or LEA developed any 
neurologic or anesthetic ccmpliecations. Two neona- 
tes (one from each group) developed physiologic 
jaundice. All other neonates had uneventful nursery 
course. 





Table: 
GA LEA 
(n=23) (n=33) 
I. Site of lesion 
a. genital 15 15 
b. back and 3 3 
buttocks 
C., extragenital 1 2 
(excluding b) 
d. healed H 14 
II. Isolation of HSV 
a. positive in the 7 13 
last one month 
b., positive in the 4 3 
first 8 months 
c. negative in the 4 14 
last one month 
d. Report not 9 5 


available 
Legend: The site of lesions add up to 3] in the LEA 
group because one patient had both a and b. The 
discrepancy in the total in the isolation frequen- 
cies in both GA and LEA is due to some patients cone 
verting from category IIb to IIc during the course 
of pregnancy. 
Discussion: Our data show that 1) both GA and LEA 
are safe in the presence of secondary (recurrent) HSV 
infection and therefore the choice of anesthetic 
should be based on 1) patient's preference and 2) 
demands of the situation. LEA should not be denied 
to patients who wish to remain awake during the pro- 
cedure. It is to be noted that these results apply 
only to secondary HSV infection and not to the pri- 
mary HSV, which is more frequently associated with 
extensive neurologic sequelae. 
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Introduction. Laudanosine, one of the major 
metabolites of atracurium, was demonstrated in 1899 
to cause central nervous system (CNS) excitation in 
the rabbit.(1) This study was carried out to deter- 
mine whether the CNS excitation from laudanosine 
would alter the minimum alveolar concentration (MAC) 
of halothane in the rabbit. 


Methods. Fifteen non-fasting, unpremedicated 
New Zealand white rabbits were studied. Anesthesia 
was induced with halothane and oxygen via a mask, 
and tracheostomy was performed. Anesthesia was 
Maintained with 1.0% inspired halothane in oxygen 
and ventilation was controlled to maintain P CO, at 
35-40 mm Hg, Temperature was maintained with sûr- 
face warming at 39°C, Carotid artery cannulation 
was done for blood pressure measurement and for sam- 
pling blood; an ear vein was cannulated for laudano- 
sine administration. A unilateral fronto-—occipital 
electroencephalogram (EEG) was obtained using subcu- 
taneous needle electrodes, Five rabbits were given 
3 mg/kg of laudanosine (iv bolus) and blood samples 
were taken at various intervals over the next 4 hrs. 
Plasma levels of laudanosine were determined by 
ion-exchange liquid chromatography(2), and the data 
were fit to a two-compartment pharmacokinetic model. 
Ten rabbits were used to determine the MAC of 
halothane using the method of Eger et al.(3) Lau- 
danosine was infused into 8 of these 10 rabbbits to 
reach 3 steady-state plasma levels of 200(I), 
HOO(II) and 800(III) ng/ml; the infusion technique 
was calculated using the method of Wagner(4) and the 
pharmacokinetic results from the first 5 rabbits. 
During steady-state conditions, MAC for halothane 
was determined and compared to control MAC by 
repeated measures analysis of variance (P < 0.05). 
Steady-state laudanosine plasma levels were con- 
firmed by obtaining blood samples before and after 
MAC determinations. Finally, the MAC for halothane 
was determined 2 hrs after the laudanosine infusion 
was discontinued, The remaining 2 rabbits were stu- 
died under identical conditions except that saline 
without laudanosine was infused. 


Results. The pharmacokinetic variables for the 
two-compartment model for laudanosine are shown in 
Table 1. The laudanosine infusion protocol achieved 
levels of 234 + 56 (I), 457 + 66 (II) and 873 + 105 
(III) ng/ml (+SD). The halothane MAC data are shown 
in Table 2. MAC values at the II and III steady- 
state levels were statistically greater than control 
but not different from each other. Once the laudano- 
Sine infusions were terminated, MAC values returned 
to control levels by 2 hrs. No change in the MAC of 
halothane was observed in the rabbits receiving 
Saline infusions without laudanosine. EEG monitor- 
ing showed seizure activity in rabbits given 3 mg/kg 
of laudanosine, but there were no abnormal EEG find- 
ings in rabbits used for MAC determinations. 


Discussion. This study clearly has shown that 
CNS stimulation by laudanosSine can increase the MAC 
of halothane in the rabbit by as much as 30%. The 
lack of similar effects in rabbits given saline 
infusions and the return to control MAC values with 
termination of the laudanosine infusion definitively 
Support this view. Peak laudanosine levels in man 
following a single dose of 0.5 mg/kg atracurium have 
been measured as high as 327 ng/ml.(2) Thus it may 
be possible for anesthetic requirement to increase 
in patients receiving atracurium for surgical relax~ 
ation, particularly if atracurium is administered 
for prolonged periods. The clinical manifestations 
of this increased anesthetic requirement may be 
masked by the paralysis from atracurium. Further 
studies must be done in man to investigate these 
possibilities, 
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TABLE 1: PHARMACOKINETIC VARIABLES (mean + SD) 


tua ti B Vv Vd s Clearance 
(min) (min) (L/kg) (L/ŘÈ) (ml/kg/min) 
5.2 47.3 0.8 2.1 41.9 
+2.3 +16.9 +0.4 +1.0 46.7 


2 
TABLE 2; MAC VALUES WITH LAUDANOSINE 


CONTROL I iJ III 
1.56 1.56(0)} 1.8€(18) 1.93(24) 
0.83 1.04(18) 1.12(27) 1.17033) 
0.83 1,.02(23) 1.22(47) 1.40(69) 
1.39 1.42(2) 1.56(13) 1.57(13) 
0.95 1.06(11) 1.20(26) 1.20(26) 
0.86 0.86(0) 0.92(8) 0.92(8) 
1.00 1.03(3) 1.17017) 1.23(23) 
1.19 1.24(4) 1.44(21) 1.60(34) 
MEAN 2 8 22 29 





# = values are end-tidal concentrations of 
halothane with $ increase over control in 
parentheses 
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Introduction: The safety of myocardial 
revascularization (CABG) has been well established 
over the past decade. In an effort to reduce or 
eliminate the problems of excessive postoperative 
bleeding, neurologic dysfunction, and untoward 
reactions to heparin or protamine sulphate which 
occasionally are associated with cardiopulmonary 
bypass, selected patients have undergone CABG 
without cardiopulmonary bypass (CPB). The 
anesthetic management has been directed at 
providing sptimal operating conditions while 
maintaining adequate hemodynamics. 

Methods: Fifty-one patients (35 males, 16 
females) aged 41 years to 84 years underwent CABG 
without CP3. Ten patients were failed angioplasty 
candidates: 5 were operated on as emergencies. 
Thirty-one patients received a single graft; 23 to 
the left anterior descending (LAD) coronary artery, 
and 8 to the right coronary artery (RCA). Eighteen 
patients received two grafts: LAD and RCA 14 
patients; LAD and diagonal 4 patients. Two patienzs 
received grafts to the LAD, diagonal and RCA. 
Premedication included morphine sulphate 0.1 mg/kg 
and lorazepam 0.05 mg/kg. Arterial and venous 
pressures, heart rate, ECG leads II and V5, cardiac 
output, and mixed venous oxygen saturation were 
monitored. In 25 patients anesthesia was induced 
and maintained with a combination of fentanyl 
50-100 ug/kg, diazepam 0.4 mg/kg, and pancuronium 
0.l mg/kg. In 26 patients in addition to the 
intravenous drugs, a volatile anesthetic agent 
(halothane or enflurane) was used. High doses of 
beta-blockers have been used following early 
experiences with tachycardia and dysrhythmias 
during CABG without CPB. Therefore, after opening 
the pericardium the patients received propranolol 
2.0-5.0 mg in 0.5 mg increments to slow the heart 
rate to 50~70 beats/min. If the patients 
maintained hemodynamic stability during the 
induction of anesthesia, opening of the pericardium 
and exposure of the coronary vessels, a coronary 
artery was occluded during a test period of one to 
two minutes to obtain all measurements and insure 
ECG and hemcdynamic stability. The procedure was 
to be aborted and CPB instituted if the test was 
unsuccessful. If the ECG and hemodynamics were 
stable, CABG was performed without CPB. A period 
of 4-6 minutes was required for performance of the 
distal anastamosis. Following this, the proximal 
anastamosis was performed before proceeding to the 
next distal. In multivessel procedures, the totally 
occluded vessels were done first to supply 
collateral flow to the subtotally occluded vessels. 
Heparin was not utilized. 

Results: Hemodynamic changes during a typical 
procedure are shown in the figure. It demonstrates 
a normal response to the coronary occlusion test 
(T), which all patients successfully passed. The 
addition of a volatile anesthetic agent appeared to 


have no influence on the hemodynamics 
intraoperatively, nor on the ultimate outcome of 
the procedure. All patients left the operating 
room in stable condition. Four patients were found 
on the postoperative electrocardiogram to have 
suffered a perioperative infarct, two of which were 
documented before surgery. One required vasoactive 
support, intraaortic balloon counterpulsation, 
reoperation, and subsequently died. There were no 
neurological, nor coagulation complications. 
Discussion: CABG can be performed without CPB 
if the patients are carefully selected and properly 
managed. Optimal monitoring during the test 
period, to evaluate the hemodynamic response to 
surgical access to the LAD and manipulation of the 
beating heart, is needed for success of the 
procedure. This group of patients represent a 
special challenge to the anesthesiologist since 
they require continuous optimal monitoring and 
frequent perioperative pharmacologic interventions 
with beta-blockers, vasopressors, and vasodilators. 
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Introduction: It has been demonstrated tha 
atracurium in bolus doses of 0.3 or 0.4 mg/kg- 
produced minimal circulatory effects in cardiac 
surgical patients, who have received lorazepam 
(1-2 mg) and fentanyl (0.1-0.2  mp.i.v.). 
However, neither the hemodynamic nor the neuro- 
muscular effects of atracurium in patients re- 
ceiving large doses of fentanyl have been 
evaluated. Thus, the present study was undertaken 
to evaluate the cardiovascular effects of atra~ 
curium and to obtain quantitative assessment of 
its neuromuscular effects in patients receiving 
large doses of fentanyl. 


Methods: After obtaining approval of the 
institutional committee on human studies and 
informed consent, 10 patients, 40-60 years old 
scheduled for elective coronary artery bypass 
grafting (CABG) were studied in two equal groups 
(Group A and B). All patients had been receiving 
beta blockers which were continued until the time 
of operation. Patients were premedicated with 
morphine 0.1 mg.kg- and scopolamine 0.4 mg I.M., 
and lorazepam 1 mg p.o. Prior to induction of 
anesthesia, radial artery and pulmonary artery 
(thermodilution) catheters were placed for 
continuous monitoring and recording of systemic 
arterial (SAP), pulmonary arterial (PAP), 
pulmonary capillary wedge (PCWP) and right atrigl 
(RAP) pressures (mm Hg). Heart rate (HR, b.min `) 
and rhythm were recorded from lead II and V4, and 
cardiac outputs (CO,l.min `) were measured by 
thermal dilution. Systemic (SVR) and pulmonary 
(PVR) vascular resistance (dyn.sec.cm~) were 
calculated by the standard formulae. Neuro~ 
muscular blockade was monitored by recording 
evoked thumb adduction in response to supramaximal 
ulnar nerve stimulation at the wrist (0.15 Hz). 
The time to 95% depression (onset time) was 
determined. Patients were given oxygen at FIO 
I.0. After a stable baseline period, cont cot 
measurements were obtained (phase I) A 
pretreatment dose of atracurium 0.95 mg.kg- was 
given in Group A and Q.1 mg.kg- in Group B, 
Approximately 5 minutes later, measurements were 
repeated (phase II) and an infusion of fentanyl 
(0.05 mg.kg- ) was started in ,both groups. A 
bolus injection of 0.35 mg.kg- „atracurium was 
given in Group A and 0.3 mg.kg.- in Group B, 
Upon completion of the fentanyl infusion (4-5 
min), hemodynamic measurements were repeated 
(phase III). Results were compared using 
student's t-test with p 0.05 being considered 
significant. 


Results: There was no significant difference 
between the two groups with respect to control 
hemodynamic values. Atracurium in ejther pre- 
treatment dose of 0.05 or 0.1 mg.kg- produced no 
significant hemodynamic changes (Table 1). There 
was no significant change in HR, PAP, PCWP, RAP, 
CO and PVR in either group throughout the study 


period. A significant decrease in mean SAP was 
observed in Group A following the administration 

of 0.35 mg.kg~ atracurium (phase III) which was 
caused by a decrease in SVR, since SV did not 
change. 

A 10% twitch tension depression was noted in 
of the 5 patients in Group B after 0.1 mg.kg.- 
atracurium. The time to 954 twitch depression in 
Group A and B was 3.024+1.2 min and 4.541.9 min 
respectively. Excellent intubating conditions were 
obtained in,both groups following a total dose of 
0.4 mg.kg- atracurium and rigidity was not 
observed during fentanyl administration. 

Discussion: Contrary to previous reports, ’ 
our data indicates that atracurium in bolus 
injection of 0.35 mg.kg.- in patients receiving 
large doses of fentanyl may cause significant 
decrease in SAP due to a fall in SVR. However, in 
doses of 0.3 mg.kg.- no such hemodynamic alter- 
ations were observed. Therefore, it is the bolus 
dose of atracurium and not the total that matters. 

Both pretreatment doses for atracurium caused no 
hemodynamic changes and prevented rigidity of 
fentanyl. However, the 0.1 mg.kg.~ dose resulted 
in a 10% twitch depression in 3 patients with 
slight agitation. 

In both groups,the time to 95% twitch depression 
was shorter than previously reported. The pro- 
longation of the time to 954 twitch depression in 
Group B, may be due to the smaller dose (0.3 
mg.kg.- ) given, after the pretreatment. We 
conclude that atracurium in bolus doses of 0.3 
mg.kg.- has minimal hemodynamic effects in 
patients receiving high doses of fentanyl. 
Finally, should there be a pretreatment dose for 
atracurium, fo speed the onset of atracurium the 
0.05 mg.kg.~ is the most advantageous. 
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Heart Rate Phase I Phase TI Phase III | 
Group A 60+8 5829 52+6 
Group B 58+7 57410 62+12 

Mean SAP 
Group A getll 95216 674184 
Group B 81ł7 85210 80+13 


Cardiac Output 


Group A 4.22.5 4 4+} 4.541] 
Group B 4.04.5 4.0Ł,5 4.3+1 
Systemic Vasc 

Resistance 

Group A 16414249 16042403 11074408* 
Group B 15414262 16002367 14374336 
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Introduction. Sensory evoked potentials (SEP) 
are monitored during operations on the spinal cord, 
brainstem and cerebral cortex. Information 
regarding the correlation of intraoperative changes 
and outcome is inferred from animal studies and 
supported by anecdotal observations in humans; 
controlled experimentation in man is presently not 
possible. The association of changes with outcome 
should also be partially determined by the cause of 
the SEP alteration. Deterioration associated with 
various anesthetic events or transient physiologic 
changes would be expected to produce less neuro~ 
logical injury than direct surgical trauma to the 
nerve tracts. This study was undertaken to 
evaluate the events associated with intraoperative 
SEP deterioration and the correlation of these 
events with the presence of postoperative neurc- 
logical changes. 

Methods. This study consisted of 475 adult 
eases (3/28/83-8/1/84) where SEP was used to 
monitor nerve tracts placed at risk during 
operations on the spinal cord (336 operations) 
or brainstem and cerebral cortex (139 operations) 
was approved by the Institutional Review Board. 
Standard unilateral stimulation and recording 
techniques were used to continuously monitor 
patients from induction to emergence of anesthesia. 
Many patients (notably in brainstem and cortical 
operations) were monitored with multiple techniques 
to allow multiple assessment of neural tracts at 
risk directly (i.e. from direct surgical manip- 
ulation) and indirectly (i.e. from physiological 
shifts such as hypotension). With spinal cord 
operations, recordings were taken separately from 
subcortical and cortical regions. SEP modalities 
used for these 475 operations included median nerve 
(248), posterior tibial nerve (270), common 
peroneal nerve (9), brainstem auditory (45), 
cortical auditory (8) and light emitting diode 
visual (52). 

Anesthesia for these operations consisted of 
premedication with 0.4 mg IM atropine or scopo- 
lamine occasionally supplemented with IM morphine 
(spinal cases only) (0.1-0.15 mg/kg) or oral 
diazepam (0.05-1 mg/kg). Anesthesia was induced 
with thiopental and maintained with fentanyl (20- 
60 meg/kg), and occasionally 0.2-0.5 MAC of 
halothane, enflurance or isoflurance. Ventilation 
with oxygen/air was controlled. Paralysis was 


maintained with pancuronium or d~tubo-curare (spinal 


cases only). Nitrous oxide was used only during 
skin closure and associated changes were not 
included in this study. 

During monitoring, an abrupt shift in latency 


(increase of > 10%) or amplitude decrease (to < 50%) 


prompted evaluation for associated anesthetic, 
physiologic, technical or surgical events. Post- 
operative neural changes were detected by clinical 
exam and comparison of postoperative SEP recordings 
with recordings taken preoperatively. 

Results. Sixty-five operations (13.7%) had 
intraoperative SEP deteriorations. As shown in 
Table 1, these were associated with anesthetic 


T Sloan, M.D., Ph.D., A Koht, M.D., A Ronai, M.B., B.S., Ph.D., JR Toleikis, Ph.D. 


Northwestern University Medical School, Chicago, IL 60611 


changes (2.5%) (e.g. change in inhalational agent, 
bolus delivery of thiopental or fentanyl), physio- 
logical shift (2.5%) (e.g. hypotension, temperature 
drop, tourniquet ischemia, positioning), technical 
problems (1.1%) (loss stimulating or recording 
electrodes, electrical noise, sychronization with 
patient's alpha rhythmn, equipment malfunction), or 
associated surgical manipulation (7.64) (e.g. direct 
manipulation of the nerve tracts or retractor pres- 
sure on nerves or major vascular structures). 

All intraoperative deteriorations associated 
with physiological or technical changes were reversed 
after correction of the problem. Changes associated 
with anesthetic changes were reversed following 
readjustment of the inhalational agent or waiting 
for the bolus effect to dissipate. No postoperative 


= neurological changes were noted in patients with 


these associated events. 

As shown in Table 2, reversal of transient 
deteriorations associated with surgical events were 
always associated with good outcome (20 spinal, 6 
cortical/ brainstem). Permanent intraoperative 
changes (4 with spinal, 6 cortical/brainstem) were 
always associated with postoperative changes. 

Discussion. This study demonstrated good prog- 
nostic value of the permanent intraoperative SEP 
changes in spinal, brainstem and cortical operations. 
Multiple associated events, including physiological, 
anesthetic and technical changes were associated with 
SEP changes. When corrected, these alterations were 
associated with no neural damage. This suggests that 
attempts to constrain anesthetic changes and physio~ 
logical shifts, as well as technical expertise, will 
allow focusing SEP monitoring on potential injurious 
surgical manipulation. 


TABLE 1 Intraoperative Events Associated with SEP 





Deteriorations 
Type of Operation Spinal Brainstem/ Total 
Cortical 
Total No. Cases 336 139 475 
Anesthetic Change 9 3 12 
Physiological Change 6 6 12 
Technical Problem 3 2 5 
Surgical Manipulation 24 12 36 


TABLE 2 Association of Intraoperative SEP Changes 
with Outcome 





Associated Event No Neural Damage Neural Damage 





No SEP Change 410 9 
Transient SEP Change 
Anes, Physiol, Tech 29 0 
Surgical Related 26 0 


Permanent SEP Change 
Surgical Related D 10 
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Introduction: Intraoperatively recorded sensory 
evoked responses have been used extensively to assess 
the funetion of the brain and spinal cord during 
neuro, oem cardiac, orthopedic and vascular 
surgery. ' However few studies have documented the 
effects of anesthetic agents on the brainstem audi- 
tory evoked response (BAER). Using optimal digital 
filtering prior to averaging the BAER can be 
reliably recorded using sample sizes as small as 

128, thus allowing accurate assessment of the BAER 
every 5-10 seconds. Xith this method we studied the 
BAER during thiopental induced anesthesia. 


Methods: ‘The human subjects research committee 
approved the protocol and all patients (pts) gave 
written informed consent. Eleven ASA I-II pts aged 
22 to 40 years were studied. BAERs were recorded from 
FPz (+) in reference to left mastoid (LM,-), using 
silver/silver chloride pregelled, self-adhering 
electrodes. All electrode impedences were € 3000 
ohms. Stimuli were ipsilateral auditory clicks deli- 
vered at an intensity of 75 dBSPL with contralateral 
masking of -30 dB, at a rate of 27.8/sec. 

A method of optimal digital filtering implemented 
in the Brain State Analyzer (BSA) was used to record 
the BAERs.* With this method phase variance in the 
presence and absence of stimulation are compared and 
a digital filter defined. Subsequent samples are 
decomposed by spectral analysis (Fast Fourier 
Transform) and recombined (inverse transform) using 
the previously defined optimum filters. These 
signals thus reconstructed with "noise" selectively 
removed are then averaged, and are reproducible with 
sample sizes as small as 128-516. 

Baseline measurements of the BAER were taken in 
the holding area. Patients were transferred to the 
operating room where intravenous catheterization was 
performed and ECG and blood pressure monitoring 
instituted. Patients were sedated with diazepam 0.1 
mg/kg, fentanyl 1.5 mcg/kg and precurarized with d- 
tubocurarine 3 mg. After three minutes Oo 5 L/min 
was administered by tightly fitting mask through a 
cirele system. Two minutes later anesthesia was 
induced with intravenous thiopental sodium 4-6 mg/kg 
and relaxation provided with suecinylcholine 1.5 
mg/kg. The patients were ventilated with oxygen and 
intubated 1 minute after induction. BAER's were 
measured before entering the operating room, after 
sedation and precurarization, after oxygenation and 
after induction of anesthesia. 

Latencies for positive peaks I,II,III,V, and VII 
and negative peak VI were measured. In addition, the 
peak to peak amplitudes far positive V to negative VI 
and negative VI to positive VII were calculated. Data 
were analyzed by analysis of variance (ANOVA) and 
where significant by t-test comparing baseline 
measurement with the value of interest. P¢€0.05 was 
taken as significant. 

Results: Latencies for positive peaks I,II,III,V, 
and VII and negative VI were not significantly 





altered by diazepam, fentanyl, d-tubocurarine, oxy- 
gen, thiopental sodium, or succinylcholine. (see 
table 1) The P V-N VI amplitude was also unaffected 
by these maneuvers. Induction of anesthesia with 
thiopental sodium and succinylcholine caused a signi- 
ficant decrease in the N VI-P VII amplitude. 
Discussion: Peak latencies of the BAER were remark- 
ably stable during sedation, precurarization, oxyge- 
nation and thiopental sodium induction of general 
anesthesia. This finding contrasts with the effect of 
enflurane which causes an increase in peak 

latency.3 This study also demonstrates a significant 
and consistent decrease in peak~to-peak amplitude of 
N VI-P VII which is unrelated to the sedation, d~ 
tubocurarine and oxygen effects and is only attribu~ 
table to the induction of general anesthesia with 
thiopental sodium and succinylcholine. This change 
occurs in the setting of stable hemodynamics and 
demonstrates that thiopental anesthesia does not 
affect the BAER up to the level of the midbrain but 
Significantly affects transmission through the thala- 
mocortical projections. 


TABLE 1 Peak Latencies (msec) 


Am 


Legend: Step I= baseline data 

Step II = fentanyl, diazepam, d-tubocurarine 

Step III = 05 5L/minute by mask 

Step IV = Anesthesia induction thiopental,succinyl. 
* = P < 0.005 step IV compared with step I by t-test 
NS = not significant 
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Introduction. Non-depolarizing muscle 
relaxants have intrinsic cardiovascular effects that 
may influence hemodynamic responses to induction and 
intubation), The aim of the present study was to 
examine and compare prospectively the hemodynamic 
effects of atracurium (A), vecuronium (V), 
pancuronium (P), and pancuroniummetocurine mixture 
(PM) in patients undergoing elective coronary artery 


bypass surgery. 


Methods. With informed consent, 40 patients 
(51415 years, both sexes), were randomized to the 
four muscle relaxant groups of ten subjects each, 
Excluded were patients with hypertension, NYHA IV, 
valve disease, renal and liver disease, and those 
clinically unstable. Individual preoperative beta 
blocker and calcium antagonist therapy continued 
through the morning of surgery. Premedication was 
morphine sulfate (.1140.02 mg/kg) IM, scopolamine 
0.4 mg IM and nitroglycerin ointment (5-10 mg). 
Induction of anesthesia was standardized to fentanyl 
50 mceg/kg, oxygen and muscle relaxant in the 
following doses: A: 0.4 mg/kg, P: 0.12 mg/kg; V: 
0.12 mg/kg; and PM: (0.4 mg:]1.6 mg/ml) 1 ml1/19 kg. 
In each patient, 20% of the relaxant was given 
initially to prevent fentanyl-related muscle 
rigidity. The time taken to inject the relaxants 
(Mean: 113 sec), and time of induction (Mean: 197 
secs) were recorded. Hemodynamics were recorded 
preinduction (control), 2 minutes post induction, 2 
and 5 minutes post intubation. The ECG (V5) and 
patient's clinical condition were observed 
continuously. Hemodynamic measurements and derived 
indices were continuously recorded via a modified 
commercial computer. 


This report is an analysis of the 37 patients 
studied so far; the number of subjects in each group 
ares A:10, V:9, P:8, PM:8. Data was analyzed using 
an analysis of variance test for unbalanced data 
with p < 0.05 as significant. 

Results. There were no differences between the 
groups regarding age, sex, beta-blocker and 
calcium-antagonist therapy, and baseline 


hemodynamics. 


There were no significant hemodynamic changes 
between groups at all measurement times, as shown in 
the table. No ECG ischemic changes were noted; one 
patient on A showed flushing during the study. 
Satisfactory relaxation for intubation was observed 
in all patients. 


Discussion. This study demonstrates that 
equipotent doses of muscle relaxant, when given 
with fentanyl anesthesia, maintains hemodynamic 
stability in the normotensive patient with coronary 
disease. P, however, did produce a relatively 
higher increase in HR (up to 27%), although still 
statistically insignificant. The observed 
hemodynamic stability may have been due to the 
concomitant use of high dose narcotic, allowance of 
adequate time for induction (197 secs) and the 
exclusion of hypertensive or unstable patients. 
Duration of action, routes of metabolism and 
elimination, and cost remain as important factors 
to consider in the clinical choice of muscle 
relaxants. 


Reference 
1. Khoury GF, Estafanous FG, Zurick AM, Lytle B: 


Sufentanil/pancuronium versus sufentanil/metocurine 
anesthesia for coronary artery surgery. 
Anesthesiology 57:A47, 1982. 


Baseline 
ER MAP ROHR CYP CI SNR 
y 7245 10044 Sel 1543 2,540.1 15494132 
P 6226 9729 941 1344 2,940.1 12854181 
A 6547 9937 94:1 1533 2.80.2 14234213 
PM 7346 9145 Gl 1243 2.00.2 14034140 
v 7146 10145 1042 2041 2.540.4 1523493 
P 7648 9744 Bil 1431 3.240.3 12254132 
A 6648 9245 124] 1541 3,040.4 11364183 
mM 8047 85ż8 1041 124] 2,940.3 11474182 
Zotubation: 2 mins 
v 7346 10243 1042 1642 2.740.3 15114126 
P 794 10344 Bil 1442 3,340.2 1321486 
A 7947 l0lż4 1141 1642 3.240.3 12494112 
PM 8345 5224 1041 1322 2940.2 1341492 
Jntubation: 5 ming 
v 6627 9946 9412 18429 2,540.4 15464200 
P Thee? 9828 St 1342 3,020.3 13344125 
A 6638 9525 1141 1722 2,940.3 12344141 
PH 7647 9045 $i} 1342 2.740.3 12514137 


Abbreviations: HR: Heart rate (beats/min); MAP: Mean arterial pressure (mm 
Bq); PCWP: Pulmonary capillary wedge pressure, (m Hg): CVP: Central venous 
pressure (om Hg); CI: Cardiac index (miy 3 SVR: Systemic vascular 
resistance (dynes/sec/cm>) . 
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Trtroduction. The insertion of a Swan- 
Ganz catheter has been implicated in past stu- 
dies as a cause of transient arrhythmias. The 
incidence by different investigators has ranged 
from 1.2% to as high as 15% (1, 2) of all pul- 
monary artery catheterizations. ther investi- 
gators have described the onset of right bundle 
branch block during Swan-Ganz catheter inser- 
tion (3) as well as the development of complete 
heart block in patients who had a preexisting 
left bundle branch block conduction abnormality 
(4). The experience with these patients has 
been drawn from individual case reports or 
studies of limited numbers of patients with pre- 
existing bundle branch blocks. It is often 
felt that Swan-Ganz insertion should not be 
performed in patients with left bundle branch 
blocks unless the capability for pacing the 
heart is also available. 


This study attempts to measure the incidence 
of arrhythmias and conduction changes occurring 
in patients having pre-operative insertion of a 
Swan-Ganz catheter. The incidence of conduc~ 
tion changes was also measured in a second 
group of patients with pre-existing bundle 
branch block to help determine if pacemaker 
insertion is needed before Swan-Ganz catheteri- 
zation in this group. 


Methods. In our hospital, cardiac surgical 
patients undergoing preoperative pulmonary artery 
catheterization (PAC) receive a 12 Lead EKG immedi- 
ately before catheter insertion. During insertion, 
EKG leads V5 and AVF are continuously recorded 
along with systemic blood pressure and right sided 
chamber pressures. Using these records and hospital 
charts, we retrospectively analyzed 154 consecutive 
insertions for evidence of arrhythmias and conduc~ 
tion abnormalities before and during PAC. In 
addition, we retrospectively identified an addi- 
tional 60 patients with preexisting RBBB or LBBB 
who underwent PAC. These records were analyzed 
for trifascicular block (complete heart block) 
during PAC. This study was approved by our 
departmental Human Studies Committee. 


Results. See Table 1. The incidence of ventri- 
cular ectopy during PAC was high. 112 patients 
(73%) had PVC's and 23 (15%) had ventricular 
tachycardia during PAC. Ventricular ectopy did 
not persist in any patient. There was no associ- 
ation between ventricular ectopy and EKG rhythn, 
preoperative medication, serum potassium, or 
Operative procedure ky Chi Square anaylsis. 


Five patients (3%) developed RBBB during PAC. 
In all five patients, RBBB was transient, last- 
ing less than one minute. None of the 154 pa- 
tients developed trifascicular block, or complete 
heart block during PAC. Our subsequent review of 
29 patients with LBBB and 31 patients with RBBB 
revealed no episodes of trifascicular block during 
PAC. 


Discussion. Our study indicates that PVC's 
and VT occur frequently during PAC. However, 
these arrhythmias were transient and did not 
result in hemodynamic impairment. 


RBBB occurred transiently in 3% of L54 pa- 
tients studied. None of 29 patients with pre- 
existing LBBB developed trifascicular block during 
PAC. We conclude that the risk of TFB during PAC 
is Low, although a precise estimate of risk would 
require a larger sample size. In view of the Low 
incidence of TFB, routine insertion of a pacing 
catheter prior to PAC seems unwarranted. 
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TABLE 1 

Before During 

Insertion Insertion 
Normal PR Interval 124 125 
1° AVB 12 Li 
2° or 3° AVB 0 0 
Atrial fibrillation 17 \7 
Paced Rhythm 2 3 
LBBB 4, 4 - 
RBBB 7 12 
ECTOPY: 
None 139 42 
PVC's 15 112 
Ventricular 
Tachycardia 0 23 
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Introduction: Atracurium, a new nondepolari- 
zing muscle relaxant, spontaneous decomposes via 
Hofmann elimination and is metabolized by 
nonspecific esterases~dual pathways. A potential 
end-product of both pathways is laudanosine. In 
previous studies we (1) and others (2) noted that 
the degradation of atracurium was several-fold 
faster in plasma than in buffer (at the same pH and 
temperature). We were interested, therefore, in 
determining the relative role of each pathway in the 
in vitro degradation of atracurium in buffer and in 
human plasma at various pH and temperatures. 


Methods. Atracurium 2.5 nmoles mi! (3000 ng 
ml” !) was added to 10 ml of Sorensen buffer (pH 7.3) 
or to 10 ml of fresh human plasma (pH adjusted to 
7.3). The samples mixed with atracurium were incu- 
bated at 37°C: at 20 minute intervals for 180 minutes 
aliquots (0.4 ml) were withdrawn and placed in an 
acid medium. Atracurium and laudanosine were deter- 
mined at each time by sensitive, specific HPLC 
assays (1). Dilutions (1:1, 1:2, 1:4) of human 
plasma and buffer were made and “spiked” with 
atracurium (as above). In addition, 30 umoles/ml of 
tetraisopropylpyrophosphoramide or disopropyl- 
fluorophosphate, both esterase inhibitors, were 
added to additional plasma samples "spiked" with 
atracurium (at the same pH and temperature}. Atra- 
curium and laudanosine were measured at the same 
time intervals. Since other metabolites of atracu~- 
rium were not available to us, quantitative analysis 
of them is not possible. 


Results. Atracurium (2.4 nmoles/ml) was 
inactivated in Sorensen buffer (pH 7.3, 37°C) at a 
linear rate; the mean half-life for atracurium was 
4O (+ 3 SD) minutes. The mean concentration of 
laudanosine at 20, 40, 60 and 180 minutes was 0.6, 
1.5, 1.5, 4.2 nmoles/ml, respectively. 


Atracurium (2.4 nmoles/ml) was inactivated in 
human plasma (pH 7.3, 37°C) at a linear rate; the 
mean half-life for atracurium was 19 (+1.5) minutes. 
The mean concentration of laudanosine at 20, 40, 60 
and 180 minutes was 1.5, 3.5, 4.0, and 5.1 
nmoles/ml, respectively. With serial dilution of 
plasma, the half-life of atracurium progressively 
increased and approached that of buffer alone; the 
econcentratior of laudanosine at 20 minutes progres- 
sively decreased. With the addition of esterase 
inhibitors te plasma the rate of atracurium decrease 
and laudanosine increase approached that of buffer 
alone. 


Discussion. Under physiologic conditions atra- 
curium is continually undergoing inactivation. 
Although a dual pathway for inactivation of atracu-— 
rium has been proposed, the role of each pathway 
(route) is unclear. However, it appears that certain 
plasma components accelerate the inactivation of 
atracurium. Nonenzymatic inactivation. (Hofmann 
elimination) of 1 nmole/mi atracurium can produce 1 
nmole/ml of laudanosine and a diacrylate~laudanosine 
moeity; the diacrylatate-laudanosine -moeity is 
further inactivated to another 1 nmole/ml of laudano- 
sine and the residual diacylate bridge moeity. Thus, 
each atracurium molecule can produce 2 laudanosine 
molecules. On the other hand, ester hydrolysis of 
atracurium can produce either a monoquaternary 
alcohol or monoquaternary acid. The quaternary 
alcohol can be inactivated by ester hydrolysis to the 
acid or by Hofmann elimination to laudanosine (3). 


Our data demonstrate that laudanosine is the 
major end-product of both pathways. Plasma consti- 
tuents that are limited by potent esterease 
inhibitors or by dilution accelerate the inactivation 
of atracurium. Most likely, nonspecific aliesterases 
rapidly metabolize atracurium to the monoquaternary 
alcohol which in turn is inactivated to laudanosine. 
Pseudocholinesterase activity has no effect, per se, 
on atracurium inactivation (2). The ester hydrolysis 
route of atracurium inactivation is, thus, more 
important than the Hofmann elimination pathway under 
physiologic conditions in normal patients. Redistri- 
bution and elimination of atracurium also play a role 
in in vivo kinetics. Severe liver failure or renal 
failure has little effect on atracurium kinetics (4). 
In the absence of nonspecific esterases, atracurium 
is inactivated by Hofmann elimination; this route is 
a "safety-net" in the use of atracurium in patients 
with severely impaired liver cr renal function. 


References. : 
1. Stiller RL, Brandom BW, and Cook DR. 
Determination of atracurium in plasma by high- 
performance liquid chromatography.. Anesth Analg (in 
press). oe 
2. Merrett RA, Thompson CW, Webb FW. In vitro 
degradation of atracurium in human plasma. Br J 
Anaesth 1983; 55:61-66. 
3. Neill EAM, Chapple DJ. Metabolic studies in the 
cat with atracurium: a neuromuscular blocking agent 
designed for non-enzymatic inactivation at 
physiological pH. Xenobiotica 1982; 12:203~210, 
4, Ward S, Neill EAM. Pharmacokinetics of 
atracurium in acute hepatic failure (with acute renal 
failure). Br J Anesth 1983; 55:1169-1172. 


ABSTRACTS 


290 ANESTH ANALG 
1985;64:185-304 
Title: FENTANYL VS ETOMIDATE PLUS FENTANYL FOR ANESTHETIC INDUCTION IN HIGH RISK PATIENTS 
Authors: R. J. Stockham, M.D., T. H. Stanley, M.D., Fa Groen, Drs., S. T. Gillmor, R.N., 


N. L. Pace, M.D., and K. King, M.D. 


Affiliation: Department of Anesthesiology, University of Utah School of Medicine and Veterans Medical 


Center, Salt Lake City, Utah, 84132 


Introduction: Fentanyl has become popular as an 
anesthetic induction agent in high risk patients 
because of its rapid onset of action and minimal 
hemodynamic effects. However, induction with fen- 
tany! is often associated with chest wall rigidity, 
sometimes interfering with adequate ventilation, 
and a high incidence of postoperative respiratory 
depression. Etomidate is a new, rapid acting, 
sedative/hypnotic induction agent which also has 
been associated with minimal cardiovascular and 
respiratory depression. Unfortunately, etomidate 
often causes pain on injection, myoclonus, and 
postoperative nausea and vomiting. While these 
Side effects can be reduced by pretreatment with 
fentanyl, the hemodynamic consequences of mixing 
these agents in high risk patients have not been 
carefully evaluated. The purpose of this study 
was to compare hemodynamics and side effects during 
induction of anesthesia with high dose fentanyl 
with those of a combined fentany!~etomidate induc- 
tion in patients with significant cardiovascular 
disease. 


Methods: The study was approved by the institu- 
tional review board. After giving informed con- 
sent, 23 ASA class III or IV patients, 18-75 years 
of age, undergoing major cardiovascular, neurosur- 
gical, open heart or abdominal surgery served as 
the experimental subjects. Premedication included 
diazepam (0.1-0.15 mg/kg, PO) and atropine (0.4 mg, 
IM) one hour before operation. All other concur- 
rent medications were continued until the time of 
surgery. Prior to anesthetic induction a modified 
v; EKG was continuously recorded and catheters were 
placed in a ‘peripheral vein and radial and pulmonary 
arteries using standard techniques. Patients were 
given pancuronium (1.0-1.5 mg, IV), preoxygenated, 
and randomly selected to receive one of the two 
induction techniques. Group 1 received fentanyl 
(300-600 ug/ min, IV) until unconscious and then an 
additional dose of fentanyl equal to that required 
for unconsciousness. Group 2 patients received 
fentanyl] (250 ug, IV} followed in 3 minutes by etom- 
idate (0.4 mg/kg, IV) injected over 30-45 seconds. 
Both groups were given succinylcholine (1.0-1.5 mg/ 
kg, IV) 2,minutes after induction was completed 
and had their tracheas intubated. Following this, 
isoflurane (0.5-2.0%) + nitrous oxide (50-60%) and 
Oxygen were- administered as clinically indicated. 
Measurements of heart rate (HR), systolic (SBP) and 
diastolic (DBP) arterial pressure, central venous 
pressure (CVP), pulmonary artery systolic (PAS), 
diastolic (PAD) and wedge pressure (PCWP), and car- 
diac output (thermodilution) were obtained and car- 
diac index (CI), systemic (SVR) and pulmonary vas- 
cular (PVR) resistances were calculated prior to 
induction, 2 minutes after fentanyl or fentanyl- 
etomidate, 1 minute after intubation and every 10 


minutes for the first 30 min of anesthesia. Side 
effects of chest wall rigidity, pain on injection 
and myoclonus were evaluated dtring the induc- 
tion sequence. Data were analyzed utilizing 
BMDP software (PID, P3D), in particular, T-tests 
and Hotelling T-square analysis. Statistical 
Significance was considered to be p < 0.05. 


Results: There were no significant differences 
between the fentanyl and etomidate-fentanyl groups 
with respect to age, height, weight, ASA class, 
or control HR, CI, or PAP. The etomidate-fen- 
tan group had a significantly higher SBP at 
control (p = 0.02) (Table 1). During the in- 
duction sequence there were no differences 
between the two groups regarding changes in HR, 
CI, SBP, or PAP or any other measured or derived 
variables. Differences in postoperative respi- 
ratory depression or nausea and vomiting were 
not determined. Induction ccmplications includ- 
ed chest wall rigidity (4 of 11 fentanyl pa- 
tients), pain on injection (1 of 12 fentanyl- 
etomidate patients) and myoctonus (3 of 12 
fentanyl-etomidate patients). 


Table | 


Hemodynamic Changes during Induction (mean + SEM) 


Control Post Drug Post Intub 10' Post 


HR F 76+5 7445 8+5 67+4 
(BPM) E 83+5 75+5 7945 6876 


SBP F «6128 +4 133+6 135+6 112+4 
(mmHg) E 158 + 11* 136 F 12 151% 12 128 + 10 
CI (L/F 3.2+.4 3.3+.5 3.34.4 2.3+.3 
min/m?)E 3.2 + .3 2.8+.3 2.9+ .2 2.6+.3 
PAP F 624 + 4 28 + 3 29 + 3 23° + 2 
(mmHg) E 22 + 1 24 +1 25 +1 22 + 2 


* p < 0.05 from fentanyl 


Discussion: The results of this study indicate 
that anesthetic induction with a fentany]-etomi- 
date combination in patients with poor cardio- 
vascular reserve does not significantly affect 
hemodynamics during induction or after endotra- 
cheal intubation and is associated with a low 
incidence of easily managed side effects. The 
data suggest that induction with fentanyl-eto- 
midate may be preferable to high doses of fent- 
anyl in a patients with poor cardiovascular 
reserve in whom postoperative ventilation is 
undesirable. 
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Introduction. The commonly used vasodilators sodium 
nitroprusside and nitroglycerine increase the intracranial 
pressure (ICP) and are not recommended for patients with 
increased ICP. Diltiazem, a calcium channel blocker, 
possesses vasodilating properties (1) but its effect on 
ICP has not been reported. This study was designed to 
determine the effect of diltiazem on normal and 
increased ICP in cats. 


Method. Twelve cats were anesthetized with 
isoflurane, Their tracheas were intubated and the lungs 
ventilated with a Harvard animal respirator. A femoral 
vein was cannulated for drug administration and a 
femoral artery for blood pressure monitoring and blood 
gases analysis. The cats were then placed in sphinx 
position using a steriotactic frame. The scalp and the 
underlying muscles were dissected and a 5 mm hole was 
trephined in the left parietal area. A catheter was 
threaded into the subarachnoid space and connected to a 
pressure transducer for continuous monitoring of ICP. 
The cats were then divided into two groups: One with 
normal ICP {N-ICP) and the other with artificially 
increased ICP (AI-ICP), In the AI-ICP group a size 1OF 
Foley catheter was placed in the epidural space through 
a 5 mm trephined hole on the right parietal area. Both 
trephined holes were sealed with bone wax. After 
completion of surgery the scalp incisions were infiltratec 
with 2-3 mi of bupivecaine 0.5% and the isoflurane was 
discontinued, Anesthesia was maintained with nitrous 
oxide in 30% oxygen supplemented by intermittent doses 
of pancuronium, The Foley catheter's balloon in the 
AI-ICP group was inflated slowly with water until the 
ICP reached a level of 25-30 mmHg and then remained 
steady. The blood pressure, heart rate, ICP, =KG, 
end-tidal CO2 and temperature were continuously 
monitored. The PaCO2 was maintained at 30+2mmHg and 
the PaQ2 above l100mmHg. Rectal temperature was 
maintained at 37+0.5 degrees centigrade. After an hour 
of stabilisation diltiazem infusion, 100-300 wg/Kg/min, 
was started with an infusion pump. The dose of infusion 
was adjusted to reduce the blood pressure by 30% for 15 
minutes. The highest ICP values, as well as mean blood 
pressure, heart rate, and EKG before during and fcr 30 
minutes after the diltiazem infusion was discontinued 
were compared. All measurements were taken at the end 
of expiration and the zero level for the ICP was 
referenced to a fixed point at the level of the external 
auditory meatus. The results were analysed using 
Student's paired t-test. P values less than 0.05 were 
considered significant. 

Results. The results are summarised in the Figure. 
Diltiazem produced a dose dependent reduction in mean 
blood pressure in all cats (from 124+3 mm/Hg to 85+2 
mm/Hg and from 134+6 mm/Hg to 94+4 mm/Hg in the 
N-ICP and AI-ICP groups, respectively; p<0.005 for both 
groups). During the period of hypotension the ICP 
increased from 5.7+1 mm/Hg to 6.7+1.5 mm/Hg (P<0.1) in 
the N-ICP group and from 26.9+0.5 mm/Hg to 34.0419 
mm/Hg (P<0.004) in AI-ICP group. Diltiazem reduced the 
heart rate in both groups (from 223+6 beats/min to 197+8 
beats/min in the N-ICP group and from 220+23 beats/min 
to 182+12 beats/min in the AI-ICP group; P<0.01 for 
both). The electrocardiographic PR interval did not 
change significantly except in one cat where the PR 
interval increased from 0.1 to 0.36 msec and remained 


prolonged at 30 minutes after diltiazem was discontinued. 
Two cats sustained transient ventricular arrhythmias. No 
tachyphylaxis occurred during the administration of 
diltiazem and no rebound hypertension was observed after 
its discontinuation. 


Discussion and Conclusions. Diltiazem is as potent a 
vasodilator as verapamil, but less potent than nifedipine. 
It also has negative inotrophic, chronotrophic and 
dromotrophic effects (1). We observed dose-dependent 
induced hypotension with diltiazem, but the onset and 
recovery were slower than those reported with sodium 
nitroprusside. Diltiazem increased the ICP in both groups, 
however the increase was significant only in the AI-ICP 
group (fig 1). Recently diltiazem has been shown to 
dilate spastic cerebral vessels (2); perhaps this is how 
diltiazem raises ICP. In patients with increased ICP a 
further increase in ICP may compromise brain perfusion. 
We therefore conclude that diltiazem should be used 
judiciously in patients with increased ICP. 


DILTIAZEM EFFECT ON MAP + ICP 
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INTRODUCTION During one-lung anesthesia (OLA) 
for lateral thoracotomy, arterial oxygenation is 
often impaired because of V/Q abnormalities. The 
degree of intrapulmonary shunting and hypoxia can 
vary during the course of the procedure and thus 
continuous monitoring of arterial oxygen tension 
(PaQy) is desirable. A pulse oximeter (BTI BIOX 
LII) which utilizes the pulsations of arterial 
blood flow to modulate the light emitted for the 
measurement of arterial saturation (Sa0,) has 
recently become available for clinical use. The aim 
of this study was to evaluate whether, during thor- 
acic anesthesia, the continuous monitoring of Sa09 
provides a reliable incication of trends in PaOo. 

METHODS After institutional approval and 
informed consent had been obtained, ten adult 
patients scheduled for lung resection in the 
lateral position were studied. Prior to induction 
of anesthesia, radial artery and thermodilution 
pulmonary artery catheters were inserted. In 
addition, a BTI BIOX III Finger probe (Model 117) 
was placed on the index finger of the non-dependent 
hand. Arterial saturation and pulse rate were 
continuously displayed on the oximeter. After 
induction with thiamylal sodium 3.5 mg/kg and 
pancuronium 0.15 mg/kg, endobronchial intubation 
was performed with a Robertshaw double-lumen tube. 
Anesthesia was maintained with isoflurane 1.0-1.52% 
(inspired) and N90/09 (50/50%). Hemodynamic 
measurements and arterial blood gases were obtained 
15 minutes after stabilization had occurred 
following any change in ventilation pattern. 
Arterial pO 9 obtained from an arterial blood 
sample, and arterial saturation obtained by 
oximetry were compared. A reduction in Pa09, 
versus the preceding sample, accompanied by a 
reduction in Sa09 was defined as a true positive 
(TP) and an increase in PaO 9 with an increase in 
SaQ9 as a true negative (IN). A decrease in PaO% 
followed by an increase in Sa09 was termed a false 
negative (FN), while an increase in PaO) followed 
by a decrease in SaO% was a false positive (FP). 
Specificity (TN/TN+FP), sensitivity (TP/TP+FN) and 


predictability (ITP/TP+FP) of the pulse oximeter to | 


detect reductions in PaO% were determined. In 
addition, the correlation between PaO? and Sa07 was 
evaluated by linear regression analysis. 

RESULTS A total of 63 simultaneous measurements 
of PaOg and SaO) were obtained. In 42 of these 
determinations the PaO» was in excess of 100 mmig. 
Since minimal changes in saturation were observed 


at elevated Pa0Q7, these data points were not 
included in the further analysis. For the remaining 
data points a sensitivity of 92%, specificity of 
75%, and predictability of 85% were calculated. 
Linear regression analysis of the 21 measurements 
(PaO) 40 to 99 mmHg) provides a correlation 
coefficient of r = 0.84 and a slope of Sa09 = 76 + 
0.24 PaO (see figure). These measurements were 
obtained over a broad range of physiologic 
variables: mean cardiac output 4.11 L/min (range 
2.29 ~ 6.13 L/min), mean pH 7.40 (range 7.34 - 
7.49), mean pCO, 38 mmHg (range 32 - 44 mmHg) and 
mean temperature 34.5°C (range 33.7 - 36°C). 

DISCUSSION The accuracy of the pulse oximeter to 
measure arterial saturation was praviously 
established in healthy volunteers! and in patients 
with respiratory distress. 4 This study 
demonstrates that the pulse oximeter, an 
easy-to-use non-invasive device, provides 
satisfactory information on trends in PaO g during 
one-lung anesthesia. It is evident from the oxygen 
dissociation curve that large reductions in Pa09 
can produce minor changes in Sa09 but the pulse 
oximeter appears sensitive enough to detect those 
small variations. 
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capnography. Anesthesiology 59:4136, 1983. 


ART. SAF. I [OX fMETER} 


r= 0.84 tago) 
y" 76+ 0.24 





4B 58 &B 70 82 50 100 
ARTERIAL PO2 
{ mm Hg) 


ABSTRACTS 


ANESTH ANALG 
1985;64:185-304 


TITLE: EFFECTS OF SODIUM NITROPRUSSIDE ON SYSTEMIC HEMODYNAMICS FOLLOWING CARDIOPULMONARY BYPASS FOR CABG 


AUTHORS: D Thys MD, Z Hillel MD, B Mindich MD, M Goldman MD, JA Kaplan MD 


AFFILIATION: Departments of Anesthesiology, Surgery and Medicine, The Mount Sinai School of Medicine, One 


Gustave Levy Place, New York City, NY 10029. 


INTRODUCTION In patients with good left- 
ventricular function, the cardiac index (CI) is 
markedly elevated in association with a reduction 
in systemic vascular resistance (SVR) at the end of 
cardiopulmonary bypass for caBG.! As the surgery 
proceeds, SVR tends to increase, while a reduction 
in CI is observed. The aim of this study was to 
investigate whether the administration of sodium 
nitroprusside (SNP) prevents the increase in 
afterload and thus maintains cardiac performance. 

METHODS After institutional approval and 
informed consent had been obtained, 20 patients 
scheduled for three vessel CABG were randomly 
assigned to a nitroprusside (SNP) treatment or 
placebo group. The study was conducted in a 
double-blind fashion. All patients had normal left 
ventricular function (EF > 50%). After insertion 
of monitoring lines (radial and pulmonary artery 
catheters), anesthesia was induced with diazepam 
0.5 mg/kg, fentanyl 30 g/kg and pancuronium 0,15 
mg/kg and maintained by infusion of fentanyl 50 
ug/kg over 1 hour. A control set of hemodynamic 
data were cbtained after opening of the 
pericardium. During cardiopulmonary bypass (CPB) 
all patients were cooled to a core-temperature of 
28°C. The treatment infusion (SNP or Placebo) was 
initiated at the beginning of the rewarming period 
and maintained until 15 minutes after bypass. Thre 
rate of administration was varied to maintain the 
mean arterial pressure at 50 mmHg while it was 
attempted to keep the pulmonary capillary wecge 
pressure between 8-10 mmHg by transfusions from the 
pump reservoir. The average dose of nitroprusside 
was 0.8 ug/kg/min. Hemodynamic data were obtained 
at 5, 10, and 15 minutes after CPB. Data were 
analyzed using Student's unpaired T-test. Ail 
values are expressed as means + S.E.M. 

RESULTS Before cardiopulmonary bypass the 
hemodynamic performance of both groups did not 
differ significantly (See Table). After CPB, 
patients in the nitroprusside group (N) had 
significantly lower mean arterial pressures (MAF? 
than patients in the placebo group (P). The 
cardiac indices (CI) were similar in both groups at 
5' but CI in group N exceeded those of group P at 
10' and 15' (see figure). Systemic vascular 
resistances (SVR) were low at 5' in both groups. 
The infusion of sodium nitroprusside kept SVR low 
in group N, while it gradually increased in group P. 
The left ventricular stroke work indices (LVSWI1) of 
group P exceeded those of group N at 5, 10, and 15 
minutes. The hematocrit was 23.6% at 5’ in both 
groups and at 15' rose to 25.8% in group N and 
26.1% in group P. 

DISCUSSION Our findings show that both the 
systemic vascular resistance and afterload are 
decreased at the end of CPB. A low hematocrit is 
the most likely explanation for this as observed 


by other authors.! This experiment however, 
demonstrates that the administration of sodium 
nitroprusside maintains a low SVR, while in the 
placebo group, the SVR rapidly returns to higher 
values, The low SVR and reduced afterload result 
in an increase in cardiac index and reduced 
myocardial work load. 
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TABLE 
Variable Control Post CPB Post CPB Post CPB 
P 6242.5 7944.4 7844.1 7643.5 
RR NS 
N 3642.5 7544.1 7644.1 7843.5 
p 8342.8 6041.9 6742.8 68+2.5 
MAP NS t t t 
N 7345.0 48+1.9 48+1.3 53+2.5 
P 8,540.8 9.7+0.7 9,7+0.7 8.7+0.7 
PCW NS a 
N 9,641.3 9+0.4 9,140.5 9.4+0.4 


p 2.0140.09 2.66+0.19 2.45+0.16 2.2840.16 


cI NS = 
N 1.940.126 2.59+0.13 2.75+0.22 2.88+0.22 


p 1750+140 951+72 1196+146 1278+88 
SVR NS 3 ? 

N 1813+234 828+83 795483 829+88 

p 32.3+2.0 26.0+2.2 24.142.0  24.8+2.4 
LVSWI NS x s 

N 31.2+4.å 17.941.1 19.242.0 21.6+2.8 


*p 0.05 #¢ p< 0.01 t p < 0.001 (Nitroprusside 
v, Placebo) 

HR = beats/min, MAP & PCW © orHg, CI = L/min/m2 

SVR = dyn.sec/cm? LVSWI = go.m/m 
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Introduction: Transcutaneous PO, (Ptc02) has 
been demonstrated in expermimental and clinical 
studies to follow changes in arterial P0O2 (Pa02) when 
cardiac index (CI) is adequate and to follow CI dur- 
ing hypotensive low flow shock (1-3). The purpose of 
this study was to determine the relationship between 
Ptc02, standard hemodynamics and a central organ P02 
during hemorrhagic shock and induced normotensive 
shock. 


Methods: Six mongrel dogs were anesthetized with 
sodium pentobarbital, intubated and mechanically ven- 
tilated with room air to an arterial PCO of 40 torr. 
Arterial and pulmonary artery catheters were placed 
via a femoral cut down. A PtcO9 electrode, heated to 
45°C, was zeroed and calibrated to room air and 
placed noninvasively on a shaved portion of the chest. 
A PtcO» electrode heated to 37°C was similarly cali- 
brated and placed on the liver surface under direct 
visualization via a sub costal incision. Data sets 
included heart rate; systemic, pulmonary artery and 
central venous blood pressures; cardiac output by 
thermal dilution; arterial and mixed venous blood 
gases and pH; hemoglobin; PtcO9; liver surface P09 
(P05); and mixed venous blood lactic acid level. 
After the three sets of baseline data were collected, 
the dogs were progressively hemorrhaged to a mean 
arterial pressure (MAP) of 40 mm Hg. This MAP was 
maintained by hemorrhage or transfusion with shed 
blood. Data sets were collected approximately every 
20 minutes for one hour. At this point an infusion 
of phenylephrine (80 ygm/ml) was titrated to produce 
a MAP which approximated the baseline MAP. Three 
data sets were again collected. The phenylephrine 
infusion was stopped and data were collected after 
the dogs were resuscitated with the shed blood. 


Results: The mean values of some of the hemo- 
dynamic and oxygen transport data are presented in 
the table. PtcO2 and P02 had significant positive 
correlations (r > 0.7) with each other and with Cl. 
MAP and heart rate were not significantly correlated 
(r values between 0.50 and -0.5) with CI, Ptc02, PLO2 
or oxygen delivery. Pa0o did not change significantly 
during the study. One of the six dogs died during 
resuscitation. During the resuscitation of this dog, 
the P07 was zero and the PtcQ9 averaged 4 torr while 
the Pa0» was 110 torr and the lactic acid progressive- 
ly rose to 16 m mol/l. 


Discussion: PtcQ was initially introduced to 
neonatal medicine as a noninvasive PaQo monitor. Over 


recent years PtcO? has been demonstrated to respond as 
a peripheral tissue P09, i.e., it follows PaO? when 
blood flow is adequate and follows cardiac output dur- 
ing shock and resuscitation (1-3). Since Ptc09 is 
actually a heated skin P09, It is of interest to know 
how this PO2 compares to the PO? of a central vital 
organ, P02. PtcO9 followed P02 closely during shock 
and resuscitation, Table. It is often difficult to 
detect low cardiac output clinically when pulse and 
MAP are normal. During the phenylephrine induced 
normotension the Ptc02 and PL0? remained low, detect- 
ing the low tissue perfusion. The tissues had inade- 
quate 02 delivery which resulted in reduced oxygen 
consumption and increasing lactic acid levels, Table. 
We conclude that PtcO> follows the trend of tissue 

PQ. during shock in spite of normal blood pressure as 
demonstrated by its correlation with P02 and Ci. 
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HEMODYNAHIC AND Og TRANSPORT DATA 


Control Hemorrhagic Hormotensive Post 
Data Shock Shock Resuscitation 
MAP, mm Hg 105 t: B 40 2 4 110 + 35 126 223 
cl, L/min’ 3622.0 0920.3 1020.2? 2.9 ¢ 1.0 
Bo Del i, ml/min’ 680 : 230 107 ¢ 32 106 t 41 465 2 241 
¥O2 i, m/min? 82226 67t26 48: 31 49 t 22 
tactic acid, mmol/l 2.82: 1.3 8.5 + 1.0 10.5 + 2.0 9.0 t 0.8 
P| 09, torr 58 + 11 7413 6 + 15 60 + 14 
Paa, torr 84 ¢ 16 83% 23 93 1 2? 87 t 22 
Ptcôz, torr A314 9 20 2 22 15 t 20 56 t 39 
PtcBo, index 1.6°: @.2 0.25 t 0.2 8.22 9.3 0.67 + 0.5 


Data ave presented as mean : standard deviation. MAP = mean arterial pressure; 
Ci = cardiac index; Oo Del i = oxygen delivery index; YOz f = oxygen consumption 
index; Lactic acid concentration in mixed venous blood; Py Q9 = liver surface PO; 


PaOg = arterial P0O2; PtcOz = transcutaneous PQ9; PtcOg index = PtcOo/Pad2 
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INTRODUCTICN DISCUSSION 
Pancuronium has been extensively used as a The cardiovascular effects of sufentanil seen 
neuromuscular blocking agent during high dose spioid in this study are broadly comparable with those 
anesthesia for cardiac surgery. This is because its - described by other workers (1). Significant 
positive chronotropic action offsets opioid induced tachycardias were not seen after P, probably as a 
bradycardia. This study was undertaken to compare result of pre-treatment with beta blockers. Even 
the cardiovascular effects of atracurium (A) and though hypertension at sternotomy may be slightly 
vecuronium (V) with pancuronium (P) during less common with atracurium and vecuronium, 
sufentanil anesthesia. bradycardias occur at induction with these 
METHOD relaxants. For this reason, the new generation 
Following local institutional ethical muscle relaxants did not appear to offer any major 
committee approval, 30 consenting adults scheduled advantage over pancuronium for this technique of 
for elective coronary artery surgery were randomly anaesthesia. 
allocated into 3 equal groups, P, V and A. After REFERENCE 
premedication with a benzodiazepine, papaveretum Rosow CE: Sufentanil citrate: A new opioid 
15-20mg and hyoscine 0.3-0.4mg and one-third the analgesic for use in anesthesia. Pharmacotherapy 4: 
daily dose of beta blocker, a radial artery 11-19, 1984. 
catheter, flow directed pulmonary artery catheter 
and intravenous cannula were inserted under local TABLE 
analgesia. ECG and neuromuscular transmission 
monitor (Organon Tecknika) were attached. The Heart Rate Beat/Min 
cardiovascular monitor used was a Kone 565A 
connected to an Apple microcomputer and minute mean CONT IND+2 INT+2 INC+2 STERN+2 
values for the cardiovascular variables were 
recorded automatically. Following administration of P 55.7 63.4 64.3 69.1 59.3 
0.05mg/kg P, 0.05mg/kg V or 0.3mg/kg A, anesthesia +9.0 +11.7 +9.0 +25.2 +6.9 
was induced with sufentanil 15ug/kg, followed by a 
repeated dcse of neuromuscular blocking agent., V 60.3 56.9 59.0 49.1 56.7 
Ventilation was with 100% 0O,. Supplements of P, +10.8 +12.1 +11.4 +6.2 +10.5 
0.05mg/kg or a variable rate infusion of A or V were 
used to ensure less than 10% neuromuscular A 61 55.9 62.0 54.6 55.4 
transmission. Sufentanil 5-l0\ug/kg was given before +10.7 +17.3 4+15.7 +16.9 +10.3 
sternotomy. Atropine was given if the instant- 
aneously recorded heart rate was less than 40 Mean Arterial Pressure mm Hg 
beats/min. Nitroglycerin was used to control 
hypertension and metaraminol for hypotension. Data P 87.3 72.8 76.9 77.8 91.7 
are presented as mean + SD. Statistical analysis +14.9 +14 +10.2 +16.9 +14.3 
was by repeated measures ANOVA (BMDP2V). 
RESULTS V 83.7 72.5 81.3 78.5 88.7 
Statistical analysis was performed on the +11.5 +l4.1 +12.8 +8.0 +12.6 
following data points; control, induction +2 min, 
intubation +1, +2, +3, +4, +5, pre incision, A 92.4 64.2 78.6 84.6 99.3 
incision +2, +5 and sternotomy +2, +5. Cardiac +17.5 +15.8 +18.9 +15.5 +21.6 
output measurements were taken before induction, > 
induction +2, intubation +2, incision +2, sternotomy Cardiac Index 1/min/m 
+2 There were no statistically significant 
differences between the 3 groups for any of the P 27 2.9 3.2 2.3 2.1 
measured or derived cardiovascular parameters. +004 +0.6 +0.9 40.5 +0.3 
Atropine was required by 2 A, 1 V and O P patients. 
Two patients in A and P groups and 1 in the V group V 2:9 2.8 2.6 2.0 2.0 
developed hypertensive episodes at sternotomy. +024 +024 +0.4 +0.4 +0.) 
These patients were treated successfully with nitrc~ 
glycerine. One A patient required methoxamine img A aul 2.8 2.8 2.1 2.4 
before skin incision. +0. 4 0.4 0.5 0.2 +0.6 
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Introduction: Sodium bisulfite (SBS), acetone 
sodium bisulfite and sodium metabisulfite (SMBS) 
produce chronic block when introduced into the 
subarachnoid space (SAS) of rabbits.!,2:3 In addi- 
tion, 0.2% SBS depresses neuronal conduction of the 
vagus nerve.” The vagal depressant effect can be 
modified by changes in pH. There is no data 
available to determine whether changes of pH will 
modify the blocking action of these drugs in the 
SAS. The present study investigates the effect of 
pH adjustment on the subarachnoid block of SMBS. 
Method: Under N20 + Oo and halothane endotracheal 
anesthesia, a PE 10 catheter was aseptically 
inserted through lumbar laminectomy and directed 
caudally in the (SAS) of 3-4 Kg New Zealand albino 
rabbits. Twenty-four hours after surgery, all ani- 
mals were tested for sensory, motor and sphincteric 
functions. Only those without perceptible impair- 
ment were divided inte four groups, receiving in the 
awake state, control solutions (NS RL) and 0.2% 
SMBS in Ringers Lactate (RL) at pH 5.2, 7.2, or 7.5 
(adjusted Č NaOH). A preliminary test spinal block 
with 1-2 mg of 2-chloroprocaine was used to confirm 
the correct position of the implanted catheter. 
Following recovery from the test block, control and 
test solutions were injected through the catheter 
via a 0,22 “ filter. 

Group I Control: 6 animals received 0.5 ml of RL 
pH 6.1, Mos 272 and 6 animals received 0.5 ml of 
normal saline pH 5, Mos 308. 

Group II: 7 animals received a single dose of 
1.2 mg of SMBS (0.6 ml of 0.2% solution in RL) pH 
5.2, Mos 283. A second 1.2 mg dose was given in two 
rabbits because there was no apparent response to 
the initial injection. 

Group IIT: 7 rabbits received 1.2 mg (0.6 ml) 
of 0.2% SMBS pH 7.2, Mos 272. 

Group IV: 6 rabbits received 0.6-1.2 mg 
(0.3-0.6 ml) of 0.2% SMBS pH 7.5, Mos 296. 
Results: Group I: No Neurologic changes were seen 
with either RL or NS. 

Group II: All animals developed hind limb para- 
lysis (HLP) within 35 minutes to 24 hours following 
one or two doses of subarachnoid SMBS. Four animals 
paralyzed after receiving 1.2 mg of subarachnoid 
SMBS recovered: one in 2 hours, one in 3 days, one 
in 8 days, and one in 12 days. After sustaining HLP 
for 5 and 18 days two animals were sacrificed by 
perfusion under anesthesia for pathological examina- 
tion of the spinal cord. Two died spontaneously 
after 1.2 mgs of SMBS - one at 3 days, another at 10 
days. Both had partial HLP with the former also 
having fecal and urinary incontinence. A third with 
chronic HLP died 12 days after receiving 2.4 mg of 
SMBS. 

Group III (pH 7.2): One rabbit developed per- 
sistent HLP after receiving 1.2 mg of SMBS and was 
perfused for pathological examination one week 
later. Four rabbits developed HLP after receiving 
1.2 mg of SMBS and recovered in 4 days, 2 days, 2 
hours 25 minutes and 65 minutes respectively. The 
remaining two rabbits did not develop HLP. Group IV 
(pH 7.5): One rabbit developed HLP after receiv ing 
0.6 mg of SMBS, persisting for 3 weeks. A second 
rabbit developed transient urinary incontinence 


without HLP after 0.6 mg of SMBS and recovered in 
one day.This animal was examined pathologically. A 
third rabbit, after receiving 1.2 mg of SMBS deve~- 
loped paralysis of tail movement associated with 
urinary and rectal incontinence. This persisted for 
one week and finally recovered. There was no HLP. 
A fourth rabbit died spontaneously two hours after 
receiving 1.2 mg of SMBS. The remaining 2 rabbits 
did not show any HLP or sphincteric incontinence 
after receiving 1.2 mg of SMBS. The following table 
summarizes the results. 

SAS NS RL SMBS SMBS SMBS 

INJECTION pH 5 pH 6.1 pH 5.2 pH 7.2 ~~ pH 7.5 

(n6) (n6) (n7) (n7) (n6) 


HLP @ INC 0 0 7(100%) 5(70%) 1(16%) 
TAIL P 0 0 0 0 1 
INC S HLP 

URINARY INC 0 0 0 0 1 

S HLP 

RECOVERY OF 

HLP OR NA NA 4/7 4/5 2/3 
INC (57%) (80%) (664%) 
NO APPARENT 6 6 0 2 2 
11: a a eee ee eee 
DEATH 0 0 3 0 1 


SAS~Subarachnoid Space; HLP-Hind Limb Paralysis; 
SMBS-Sodium Metabisulfite; RL-Ringer's Lactate; 
NS-~Normal Saline; NA-Not Applicable; 
INC-ineontinence; P-paralysis. 

Discussion: In an isolated desheathed rabbit vagus 
nerve study, Gissen (4) et al showed irreversible 
conduction block by bisulfite at a pH below 5 and no 
block at pH above 7. Our result is in general 
agreement with that of Gissen et al except we did 
encounter block above pH of 7 using the same con- 
centration of 0.2% as that by Gissen. The discre- 
pancy here may suggest that the direct action of 
bisulfite is more pronounced in the SAS in vivo than 
on isolated nerve in vitro. This study suggests 
that the subarachnoid blocking action of SMBS is 
attenuated but not completely abolished by 
increasing the pH from 5.2 (Group II) to 7.2 (Group 
III) and 7.5 (Group IV). All animals in group II 
developed HLP, 5 out of 7 (70%) in Group III had 
HLF, while 3 out of 6 (50%) in Group IV were neuro- 
logically affected; one with HLP, one with paralysis 
of the tail for 9 days and the other one with incon~ 
tinence but no HLP. The effect of pH on the 
blocking action of bisulfite is probably through 
alteration of the existing pH dependent equilibrium 
between bisulfite and sulfite. As pH increases, 
bisulfite decreases and sulfite increases. 
Bisulfite, not sulfite is the cause of the block. 


References: 1.Wang BC, Hillman DE, Turndorf H: 


Chronic neurological deficit and Nesacaine CE:An 
effect of the anesthetic-2 chloroprocaine or the 
antioxidant-—sodium bisulfite? Anesth Analg 1984, 
63:445-447, 2.Wang BC, et al: Subarachnoid neuro- 
toxicity of acetone sodium bisulfite, antioxidant in 
tetracaine HCl in rabbit. Anesth Analg 1983, 
62:289~290.3.Wang BC, et al: Subarachnoid block by 
sodium metabisulfite. Reg Anesth 9:45, 1984. 4, 
Gissen HA, Dalta S, Lambert D, Griegus K, Covino BG: 


Is 2=Chloroprocaine (2-CP) neurotoxic. Reg Anesth 
9:37-38, 1984. 
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INTRODUCTION Patients with peripheral vascular 
disease have a high incidence of coronary artery 
disease. Due to the increased risk of intra~ 
operative myocardial ischemia, patients undergoing 
abdominal aortic surgery (AAS) at our institution 
are routinely monitored by inferior and lateral ECG 
leads as well as intra-arterial and pulmonary 
artery pressure determination. However, changes in 
these are late indications of myocardial ischemia 
and it is desirable to have a more sensitive 
monitor. The cardiokymograph {(CKG) is a 
noninvasive electromagnetic sensing device capable 
of assessing left ventricular anterior wall 
motion, the earliest indicator of myocardial 
ischemia. This monitor has been used to assess 
left ventricular ischemia in patients undergoing 
CABG « The purpose of our study was to evaluate 
the CKG (Cardiokinetics, Inc.; Bellevue, WA) as a 
monitor of left ventricular dysfunction during AAS. 
METHODS With institutional approval and informed 
consent from each patient, we studied all adult 
patients undergoing AAS by one surgeon over a three 
month period. Patients were anesthetized with 
either fentanyl, a halogenated inhalation agent, or 
a combination of these agents. Patients were 
monitored using ECG leads II and Ver, radial and 
pulmonary artery catheters, and CKG continuously 
recorded on a ~multi-channeled strip chart 
recorder. All measurements were routinely recorded 
before and after induction of anesthesia, after 
intubation, and before and after aortic clamping 
and declamping. Fluids and vasodilators (NTG, SNP) 
were given to maintain normal systemic and 
pulmonary capillary wedge pressures to normalize 
cardiac output. Nitroglycerin was administered to 
all patients prior to applying the aortic cross 
clamp. 

RESULTS Seven patients {range 52-79 years; 5 ASA 
class III & 2 class IV) were included for study. 
Abnormal left ventricular anterior wall motion was 
observed in only one patient during intubation 
(Fig. 1,2) without ECG or hemodynamic evidence of 
myocardial ischemia. These changes (Table) resolved 
within 10 minutes. No patient exhibited ECG, CKG 
or hemodynamic ischemic changes during aortic 
clamping or unclamping. 

DISCUSSION CKG has been shown to be a sensitive 
detector of left ventricular ischemia. The lack 
of CKG, ECG or hemodynamic changes with aortic 
cross-clamping might be explained by the aggressive 
hemodynamic control routinely used during these 
procedures. The abnormal wall motion seen on 
intubation of one patient in the absence of ECG or 
hemodynamic changes probably revealed regional 
ischemia which would have otherwise gone 
undetected. The noninvasive and inexpensive nature 
of CKG combined with its ability to detect left 
ventricular wall motion abnormality make this a 
promising monitor for the operative setting. 


REFERENCES 
l) Tarhan &, Moffitt EA, Taylor WF, et al: 
myocardial infarction after general 


anesthesia. JAMA 220:1451-1454, 1972. 


2) Silverberg RA, Diamond GA, Vas R et al: 
Noninvasive diagnosis of coronary artery 
disease: The cardiokymographic stress test. 

Circulation 61:579~589, 1980. 

3) Waters DD, daLuz PL, Forrester JS, et al: Func 
tional abnormalities in nomoccluded regions of 
myocardium after ax perimental coronary 
occlusion. Am J Cardiol 37:366=-372, 1976 

4) Bellows WH, Bode RH, Levy JH, Foex P, 
Lowenstein E: Noninvasive detection of 
periinduction ischemic ventricular dysfunction 


by cardiokymography in man. Anesthesiology 
60:155-158, 1984. 
TABLE 
Hemodynamics in 1 patient with abnormal CKG 
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Fig 2 


ECG, CKG, radial artery and PA pressure from the 
patient that demonstrated an abnormal CKG during 
intubation. CKG is normal pre~op. (Fig. 1) Note 
abnormal systolic wall motion during ejection. 
(Fig. 2) 
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Introduction. Use of a small dose of 
atracurium shortly before a larger dose has been 
reported to speed the onset of suitable intubating 
conditions as well as decrease the total dose 
requried for intubation (1). Also, neuromuscular 
block (NMB) has been shown to occur more rapidly 
when atracurium 0.5 mg/kg is given in divided doses 
rather than by single bolus injection (2). In 
apparent contradiction to these reports, NMB after 
a single bolus of 0.25 mg/kg of atracurium was 
found to be greater than that following the same 
dose given in increments (3). Our study was 
designed to determine if the combined effect on NMB 
of pretreatment with a small (subclinical) dose of 
atracurium followed by a second (therapeutic) dose 
differs from a single bolus injection. 

Methods. Institutional approval and informed 
consent were obtained. Studies were completed on 
20 adult patients, ASA class 1 or 2. No 
premedication was giver. Anesthesia was induced 
with thiopental 4-6 mg/kg and maintained with 
fentany] 3-5 ug/kg and N20, 67%, in Oz. The ulnar 
nerve was stimulated supramaximally at 0.15 Hz, and 
force of thumb adduction was measured with a force 
tranducer and recorded. Patients were randomly 
allocated into either Group 1 (atracurium 0.15 mg/ 
kg) or Group 2 (atracurium 0.05 mg/kg followed 
5 minutes later by 0.10 mg/kg), and atracurium was 
administered. Maximal NMB, time to initial twitch 
depression, and time to maximal NMB were measured, 
as were times tc 25, 50, and 95% recovery of 
initial twitch height. Student's t-test was used 
to test statistical significance, with p<0.05 
considered significant. 

Results. Maximal NMB, time to initial twitch 
depression, and time to maximal NMB for both dose 
regimens are shown in Table 1. Maximal NMB and the 
time required to achieve maximal NMB were the same 
whether atracurium 0.15 mg/kg was delivered in a 
Single bolus or by divided dose. A statistically 
significant difference was found for the time to 
initial twitch depression. Thus, pretreatment 
decreased by 30 seconds the time to a measurable 
effect of the second dose on twitch height. The 
times required for recovery of neuromuscular 
function (Table 2) were not statistically 
different between Groups 1 and 2. 

Discussion. For the total dose examined 
(0.15 mg/kg), pretreatment with a clinically 
undetectable dose of atracurium does not appear to 
affect the intensity of NMB, time to maximal NMB, 
or recovery from NMB. However, a trend toward 
slightly increased duration for recovery from NMB 
was clinically evident. The initial blockade 
following the combined dose occured slightly sooner 
than with a single dose. An earlier study (2) 
documents a similar effect for a total atracurium 
dose of 0.5 mg/kg. This dose is in excess of the 
ED95 of atracurium (4) and produces a blockade that 
diminishes the ability to discriminate subtle 
alterations in drug effect. The maximal NMB 


achieved in our study with 0.15 mg/kg is in 
agreement with previously reported values for the 
E575 of atracurium (4), and such a degree of NMB 
provides a sensitive way of assessing the affects 
of a cumulative dese regimen. Recently, the 
"priming principle" has been formulated to 
describe use of a small dose of atracurium shortly 
before a larger dose to speed the onset of, ès 
well as decrease the total relaxant dose required 
for, adequate intubating conditions (1). Our 
results show a more rapid onset of initial twitch 
depression following a divided dose regimen, but 
maximal NMB and time to maximal NMB do not appear 
to differ whether atracurium is administered in 
single or divided doses. 


Table 1 


Atracurium Maximal neuro- Time to initia] Time to maximal 
dose muscular block twitch height neuromuscular 


(mg/kg) (z) depression (min) block (min) 
0.15 7327 1.6+0,2 7.320.5 
0,05**+0,10 742? 1.1+0.2* 7.640.9 


Values are meanzSEM; * = p<G.05 
NMB did not occur in any patient following 0.05 mg/kg dose 


Table 2 
Atracurium dose Time {min) to % recovery from 
(mg/kg) neuromuscular block 
25% 50% 95% 
0.15 18+2 2424 3022 
0.05+0.18 2224 2624 34+2 


Values are meansSEM 
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INTRODUCTION: Opiate analgesics are commonly admin- 
istered as incremental bolus doses during general 
anesthesia. Recent studies (1,2) have demonstrated 
that continuous infusions of intravenous (IV) anal- 
gesics significantly decreases the drug dosage re- 
quirement, improves intraoperative conditions, and 
decreases recovery time compared with traditional 
intermittent bolus techniques. The objective of this 
study was to determine the optimal maintenance infu- 
sion rate for morphine, meperidine, or fentanyl when 
used during general anesthesia with nitrous oxide and 
muscle relaxants. The minimum effective (analgesic) 
concentrations during surgery were determined for the 
three commonly used opiate compounds. 


METHODS: Ninety, consenting, ASA physical status 


I or II patients undergoing elective general surgi~- 
cal procedures were randomly assigned to receive 
either morphine sulfate (MS), meperidine (M), or 
fentanyl (F). The study was approved by the local 
Institutionai Review Board. All patients were pre~ 
medicated with diazepam, 0.2 mg/kg p.o. Patients 
assigned to the morphine group, received one of three 
loading doses (LD)-maintenance infusion rates (MIR), 
namely 0.1 mg/kg - 1.5 ug/kg/min, 0.2 mg/kg ~ 

3 ug/kg/min, or 0.3 mg/kg ~ 4.5 ug/kg/min. The LBD- 
MIR regimens for meperidine consisted of 1 mg/kg ~ 
15 ung/kg/min, 2 mg/kg - 30 ug/kg/min, or 3 mg/kg ~ 

45 upg/kg/min. The LD-MIR regimens for fentany!i were 
3 pg/kg - 0.03 ug/kg/min, 6 ug/kg ~ 0.06 ug/kg/min, 
or 9 pg/kg - 0.09 ug/kg/min. The LD was adminis- 
tered 3-5 min prior to induction of anesthesia with 
thiopental 2 mg/kg and succinylcholine 1.5 mg/kg. 

The induction was described as adequate if the pa~ 
tient was unconscious and the mean arterial pres- 
sure (MAP) and heart rate (HR) remained within +252 
of the baseline values during intubation. If the in- 
duction was inadequate, additional bolus doses of 
thiopental, 50-100 mg were administered. Maintenance 
anesthesia consisted of an opiate infusion, nitrous 
oxide 70% in oxygen, and pancuronium 0.1-0.2 mg/kg. 
The initial MIR was described as adequate if the MAP 
and HR remained within t25% of the preinduction val~ 
ues following skin incision. If signs of inadequate 
analgesia are noted (e.g., hypertension, diaphoresis, 
lacrimation, tachycardia), small bolus doses of the 
opiate (e.g., MS 1 mg, M 10 mg, F 25 ig) were admin- 
istered and the maintenance infusion rate was in- 
creased by 50-100%. If the signs of inadequate anal- 
gesia persisted, isoflurane, 0.25-0.5%, was adminis- 
tered. In cases where the MIR appeared to be ade~ 
quate, it was decreased by 50-100% at 30-60 min in- 
tervals until clinical signs of inadequate analgesia 
were noted. Serum samples were obtained at 5-30 nin 
intervals and analyzed using HPLC (MS), GLC (M), or 
RIA (F). The minimum effective opiate concentration 
was determined by averaging the serum drug concentra~ 
tions at the highest “inadequate” MIR and the lowest 
“adequate” MIR during the surgical procedure. 


RESULTS: The three analgesic groups were similar 
with respect to demographic characteristics (e.g., 
age, sex, weight, type and duration of operation). 
The overall opiate infusion rates (mean values £SD) 
for morphine, meperidine, and fentanyl were 


0.20+0.06 mg/min, 1.5140.58 mg/min, and 3.11.0 
ug/min, respectively. The average infusion rates 

for the individual LD-MIR groups are summarized in 
table 1. In all three opiate groups, a significant- 
ly higher percentage of patients receiving the lowest 
LD manifested hemodynamic responses to intubation and 
skin incision (MAP or HR increased greater than 25% 
above baseline values) than in the high LD groups. 

In the morphine group, 40% required low-dose isoflu- 
rane to control hemodynamic responses during surgery 
and 20% required a narcotic antagonist to reverse 
postoperative respiratory depression. Im the meper- 
idine group, 50% required isoflurane and 16% required 
an opiate antagonist. In the fentanyl group, 30% re- 
quired isoflurane while none required opiate antago- 
nist. The minimum effective analgesic concentrations 
for morphine, meperidine, and fentanyl were 11327, 
11924249, and 3.341.6 ng/ml, respectively. 


DISCUSSION: Opiate infusions are useful adjuvants 
during general anesthesia. In this preliminary dose- 
ranging study, we have established guidelines for the 
use of morphine, meperidine, and fentanyl infusions 
during general surgical procedures. When fentanyl 
was used, there was a decreased requirement for sup- 
plementation with volatile anesthetics and fewer pa- 
tients required opiate antagonists to reverse resid- 
ual narcotic effect compared to morphine or meperi- 
dine. The improved “controllability” with fentanyl 
may be related to its high lipid solubility. 

These data would suggest that the enhanced lipophil- 
icity of the new fentanyl analog, sufentanil, might 
make it an even better analgesic for continuous in- 
fusion. Finally, this investigational model may be 
useful for studying the effects of age, disease 
States, and other drugs on the narcotic analgesic 
requirement. 


REFERENCES: 


l. Pathak K, et al. Anesth Analg 1983; 62:841-845. 
2. White PF. Anesthesiology 1983; 59:294-300. 


Table l: Opiate LD and average MIR values (means+SD) 


Morphine sulfate N LD (mg/kg) Avg MIR (mg/min) 
Low LD 7 0.114£0.01 0.1740.07 
Medium LD 6 0.2240.02 0.2240.05 

High LD 6 _0.3040.02  0.23żŁ0.05 
Meperidine N LD (mg/kg) Avg MIR (mg/min) 
Low LD 7 1.140.1 1.8+0.5 

Medium LD 8 2.1¢0.2 1.440.5 

High LD 8 3.440.7 1.54+0.7 
Fentanyl NLD (g/kg) Avg MIR (ug/min) 
Low LD 7 3.240.6 2.8t0.8 

Medium LD 6 6.341.3 3.941.0 

High LD 6 9.6+0.2 2.640./ 
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Introduction, Malignant Hyperthermia (MH) is 
a highly lethal synārome triggered by inhalational 
anesthetics and depolarizing muscle relaxants. 
Our previous studies with the inbred MH 
susceptible pig model provided evidence that an 
intense peripheral vasoconstriction, hypermetab- 
olism, and increased blood plasma levels of nore- 
Ppinephrine were key components of the MH syndrome. 
With the advent of the electrochemical detector 
for quantitating catecholamines and a highly 
instrumented recording system for monitoring the 
pathophysiological changes in MH susceptible pigs 
we decided to reexamine the initial MH events 
triggered by halothane. 

Methods. Eight Malignant Hyperthermia 
susceptible outcross pigs (HH x Normal) were 
studied. Anesthesia was induced and maintained 
with thiopental {(22mg/kg). Invasive monitoring 
was established by surgical cutdowns to the 
femoral artery and femoral vein and inserting Swan 
Ganz and Opticath* catheters. AP, PAP,, PAPy, 
cardiac output by chermodilution, continuous 
arterial and venous Oz saturation, core and rectal 
temperature, heart rate, end tidal CO2, ECG, and 
muscle twitch tension were recorded. Arterial and 
venous plasma samples were collected and processed 
for catecholamine analysis. The samples were 
analyzed for norepinephrine and epinephrine levels 
by (LC-4B) electrochemical detection at 0.65 V, 2 
nA full scale after High Performance Liquid 
Chromatography separation on a Supelcosil LC-18- 
DB, 150 mm x 4.6 mm column with a mobile phase _of 
0.025 M citric acid, 0.025 M Naz HPO4, 5x107? M 
EDTA, 35 mg Octyl Sodium Sulfate/L, 4% MeOH, pH 
3.5 at a flow rate of 1.2 ml/min.  Dihydroxy- 
benzylamine was the internal standard. Each 
animal served as its own control. 

Results. Heart rate increased significantly 
(p €.05) (145 ~ 192 bom) five minutes before any 
other recorded symptom of impending MH. Total 
peripheral resistance decreased from 1625 to 762 
dynes :sec/ cm? as the full blown M syndrome 
developed. Pulmonary vascular esistance 
increased from 164 to 225 dyns-sec/ at the 
tachycardia stage ana remained elevated over 
control values throughout MH. Pulmonary edema 
occurred in two pigs. Left ventricular stroke 
work index dropped significantly from 1.25 to .32 
gm*M/Kg/beat at halothane administration, 
increased to .44 gom-mkg/beat at tachycardia and 
peaked at 1.0 gm-M/kg/beat at MH then decreased to 

-37 «gm-M/kg/beat at MH +. Right ventricular 
stroke work index did not change significantly. 
Stroke volume index dropped fran .85 to .50 
mi/beat-Kg at halothane administration, increased 
to .58 ml/beat*eKg at tachycardia, to .59 
mi/beat-Kg at MH then decreased to .52 ml/beat+Kg 
at MH +. Cardiac index decreased from 108.75 to 
79 mi blood flow /min-Kg at halothane 
administration then increased to 108 mi/min-Kg at 
tachycardia and 117.5 ml/min-Kg at MH with no 
further increase at MH +. Oxygen utilization 
increased from 2.8 to 11.37 mi O5/min-Kg in a 
linear curve as the MH syndrome developed. 
Arterial Oj saturation could be maintained at 98% 
dur ing the MH syndrome. However venous O2 


saturation decreased at arate of 9.0%/min and 
5.3%/min in two pigs and at 0.8% min in a third 
Fig. Core temperature increased at a rate of 
0.09°C/min. 

Norepinephrine plasma levels were 0.36 ng/ml 
during the control period and increased to 20.79 
ng/ml at tachycardia and further increased to 
40.58 ng/ml at MH and decreased to 22.02 and 3.29 
ng/ml at MH +. Up to 108 ng/ml of norepinephrine 
were recorded in one pig during MH. Epinephrine 
plasma levels were 0.30 ng/ml during the control 
period and increased to 4.9 ng/ml at tachycardia, 
18.25 ng/ml at MH and 24.40 ng/ml at MH +. = ‘The 
ratio of norepinephrine to epinephrine was 4.23:1 
at tachycardia. 

Conclusions. Tachycardia is the first 
external physiological symptom of impending MH and 
occurs five minutes before any other signal. 

Qutcross MH pigs exhibit a decreased 
peripheral resistance in contrast to our inbred 
animals which exhibited an increased peripheral 
resistance, 

The nigh norepinephrine levels are probably 
activating and opening calcium channels as part of 
tne hormonal stimulus for heat production in 
muscle. The increase of norepinephrine 3 fold 
produces tachycardia without MH. However a 10 to 
190 fold increase of norepinephrine caused MH with 
or without rigor and higher levels (up to 300 
fold) caused MH with muscle rigor. Other organ 
systems, i.e. heart and peripheral vascular system 
are also affected by the MH genetic defect. 

The massive release of norepinephrine which 
initiates tachycardia is playing a key role in 
accelerating metabolism and initiating the devel- 
opment of MH. 

Venous 09 Saturation reflects the most 
accurate internal indicator of impending MH. 
Several pigs showed a low rate of O» utilization 
and required an hour or more of balothane exposure 
to develop MH. Other pigs developed MH after four 
minutes of halothane. 

The metabolic rate during MH exceeds the 
availability of O» delivery and therefore tissues 
become hypoxic and produce lactic acid. 

The increased pulmonary vascular resistance 
we observed in MH suSceptible pigs indicates that 
pulmonary edema could be an important component of 
MH in man. 

Two pigs developed MH to 45°C without muscle 


rigor. 
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Malignant Hyperthermia in man and Susceptibie 
pigs can be inducea with halothane or other halo- 
genated anetnetics and depolarizing muscle relax- 
ants such as Succinyicholine. The nondepolarizing 
muscle relaxants such as Pancuronium, Metubine 
Iodide, and Vecuronium have been reported to be 
non-triggering agents for Malignant Hyperthermia 
(1-3). A previous report of Atracurium testing in 
two MH susceptible pigs indicated that Atracurium 
did not trigger MH (4). The Purpose of this study 
WaS to evaluate the triggering potential of Atra- 
curlum in six MH susceptible pigs. 


Methods and Materials: 
Six Malignant Hyperthermia susceptible pigs 
from our inbred coiony were tested at 8-10 weeks 
of age with halothane, used for the one hour 
Atracurlum infusion experiment, and then challeng- 
ed later with halothane during surgery and inva- 
Sive monitoring for other experiments (see Table 
I). Anesthesia was induced by intraperitoneal 
injection cf thiopental (33 mg/Kg) and intravenous 
thiopental was given as needed to maintain anes- 
thesia. Animal weights rangea from 31 to 79 Kg. 
After intubation the animals were mechanically 
ventilated at a rate to give an end tidal CO2 
value of 42 torr at 760 torr barometric pressure, 
The left rear leg was immobilized in a cast and 
the peroneal nerve was Supramaximally stimulated 
with a train of four every 15 seconas via needle 
electrodes with an HSE Neurostii. The muscle 
twitch response was recorded via a Grass FT-10 
force displacement transducer connected to a 
Hewlett-Packard Mouel 7758 B 8-Channel recorder. 
Heart rate, ECG, rectal temperature and end tidal 
CO2 via a Cavitron CO analyzer were recorded, 
Atracurlum was infused via the ear vein at a rate 
sufficient to maintain a 90% blocking dose, 


Results: 

Table 1 presents the results of the halothane 
challenge at 8~10 weeks and Later during invasive 
monitoring, 














TABLE 1 
Pig # Marion nalot an harin 
E ee a 
ae 2 N.T. 
eee 


A mean dose of 0.95 mg/Kg of atracurium 
produced a i00% neuromuscular blockade (Table II). 
A dose of 4.0 mg/Kg/hr. of Atracurium was required 
to maintain a 90% blocking dose during the 60 
Minute infusion period, and the mean recovery time 
(25% ~ 75%) was 10.2 min. 

Table III presents the heart rate (HR) rectal 
temperature and end tidal CO» values observed 
during the Atracurium infusion Foe each pig. The 
mean heart rate increased from 142 to 170 bpm. 
This change was Statistically significant at the 
P€.08 level. Rectal temperature decreased from 
36.4° to 35.6°. End tidal CO2 remained steady at 
41-42 torr during the experiment. 


Atracurlum Infusion 
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Table IT 
Pig # Avg Infusion 003 
60 min dose Blocking dose recovery (25-75) 
1-5 3.31 mj/kg-ner 0.95 mg/kg il min 
2-3 5.34 mgykg-hr 1.03 mg/kg 6 min 
3-5 3.98 mg/kg—nr 0.69 mg/kg iZ min 
ż-1 3.92 mg/kg-hr 0.97 mg/kg 11.5 min 
6-0 3.23 mg/kg-hr 1.02 mg/kg 8.5 min 
0-0 4.34 mg/kKa-hr 1.02 mg/kg 10.5 min 
Mean 4.02 mg/kg~hr 0.95 mg/kg 19,25 min 
S.D. «77 wg/kg~hr G.13 mg/kg 1.6 min 
SEM 0.31 mg/kg-hr 0.05 mg/kg 0.65 min 
Atracurium lntusion 
Tabie ill 
ü min Lu main 20 min 30 man 40 main SU min 60 min 
- HR 7i 175 L 175 159 15 175 
Pemp s7 ARK 36 9° 3 89° $6..6°C 36.5% 36.4°C 36. PE 
a QG 2 42 $2 4i L 4i 4) 
Siete ne 7} Cy a Cy pane ade Ty AS CY Seine Tin 
s Temp 36. 3% 36. 2°C 36..1°C 36.0°C 35.9 35.7°C 35.6% 
CO, 43 43 Z 4i qi g 40 
a Hi 7 FETS -o e e t ae eK 16l.. is ven oe "I 
So Temp 35.5% 35.4% 35.3°C 352c Jeger 34.8°C 347°C 
Wy 45 40 46 49 39 3 39 
T ime Bec Bhie Bae BELO She Be he 
: Te 354°C 35. 35.2°C 35. 0° 8 ag 
Os 42 42 42 43 43 or 
i P z Seals his is Tene Er oN ee oo 
1 Temp 366°C $6.4°C 36. 3°C 36.19 36.00 35. 4B Lge 
LO, Ab 40 39 39 38 38 
A A T ONR STORNE T ee E OE NEY TV annaa Ci 
E Temp -arme 37000. -amog  Jé.de Je gt -48 pp 5.8% 
= WO, 44 44 43 42 41 4i 4i 
“ig BRO O] T ey T T oes is? 170 
ZO Temp 36.4 36.2 36.1 36.0 35.9 35.7 5.6 
Eo O 42 42 ai 4i 4} 41 al 
i EE er Sere a paas T 
=o Temp 0.6 O.7 Q.7 0.7 0.8 0.8 9.9 
Üa l6 1.6 i 1.4 5 gel 2.4 


Hk = Deets per min 

Temp = cectal temperature 

(Gy = Tore ot CO. in expired air 
cofrected to stafidard pressure 


Discussion; 

r previous experimental work with non- 
depolarizing muscle relaxants indicated that they 
snould not trigger or induce Malignant 
Hyperthermia, however, we believe it is necessary 
to test each new drug individually since the 
precise mechanism of how MH is initiated is not 
known. We know that stress factors in general, 
i.e. heat, exercise, fear, pain, may trigger MH in 
Susceptible animals. Therefore drugs which may 
not interact Specifically with the pathophysiology 
associated with MH may trigger MH through a non- 
Specific stress induced by the new drug or in 
combination with other drugs. The infusion of 
Atracurium for one hour in MH susceptible pigs 
does not initiate or provoke any of the pathophy- 
Slological responses associated with the MH 
syndrome except an increase in heart rate. The 
Slight increase in heart rate we observed was 
Statistically significant at the p¢.08 level. We 
concluded that Atracurium should not trigger MH. 
Our data and conclusions are in agreement with a 
short note reporting no adverse effects of 
Atracurium in two MH susceptible pigs (4). 
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Introduction. Intravenous injection of 
bupivacaine (Marcaine) during regional anesthesia is 
often associated with convulsions, serious cardiac 
arrhythmias and death.! We have studied the mecha- 
nisms of cardiac arrhythmias during bupivacaine 
(BUP) intoxication, comparing data from experiments 
on isolated cardiac tissue with in vivo data. 

Methods. Female rabbits (2-4 kg) were 
immobilized and EKG needle electrodes inserted 
subcutaneously under local anesthesia. The marginal 
ear vein was cannulated under local anesthesia and 
BUP was injected intravenously in small boluses of 
1-5 mg/kg every 15 or 30 min. Animals with life 
threatening arrhythmias and convulsions were treated 
and resuscitated (catecholamines, lidocaine, 
thiamylal, bicarbonate, hypertonic glucose and 
insulin, artifical ventilation.) In another series 
of rabbits, hearts were excised from animals 
previously anesthetized with thiamylal. Right 
atria, Purkinje fibers (PF) and papillary muscles 
were excised. The excised tissue was perfused in a 
small volume perfusion chamber with Tyrode's 
solution (4 mM K, 2.7 mM Ca, temp. 37 C), gassed 
with 95% 02/5% CO2. Transmembrane potentials were 
recorded with intracellular glass microelectrodes. 
Automatic activity of the sinus nede was recorded 
either directly or by monitoring the rate of the 
spontaneously beating right atria. PF were stimu- 
lated at different rates from 30 to 150/min. Conduc- 
tion velocity in PF was measured with two micro- 
electrodes impaled at a constant distance away from 
the stimulation electrode. Preparations were 
exposed sequentially to BUP (1-10 mg/l) for 30 sec 
up to 60 min. Data were analyzed statistically by 
Student's "t" test (P€ 0.05 significant). 

Results. Two types of arrhythmic responses to 
BUP in unsedated rabbits were observed. Typically, 
they responded with tachyarrhythmias (Fig. la) in 
the form of sinus tachycardia which gradually (as 
the concentration of BUP increased) converted to 
nodal or ventricular tachycardia. The second type 
of arrhythmic response (Fig. ib) was characterized 
hy transient sinus tachycardia followed by sinus 
bradycardia with prolongation of P-R interval and 
periods of sinus arrest. Both types of arrhythmias 
could be considered as premonitory signs of the next 
irreversible phase with rapidly developing 
bradycardia, premature beats (Fig. le} with advanced 
A-V block, and large QRS complexes. Pharmacological 
treatment at this stage was rarely effective. In 
vitro studies showed that BUP markedly slows conduc~ 
tion velocity at different levels of the conduction 
system, and in atrial and ventricular muscle. Con- 
duction velocity in PF was significantly reduced, 
particularly at the higher frequency of stimulation 
(Fig. 2). Sinus node automaticity (phase 4) was 
consistently depressed with the frequent occurrence 
of sinoatrial conduction block in the isolated right 
atria. in PF, phase 4 automaticity was completely 
suppressed by BUP even in very low concentrations 





(i mg/l). 

Discussion. Comparison of the in vitro and in 
occurring during BUP intoxication are due to general- 
ized slowing of the conduction velocity and suppres- 
sion of pacemaker activity in the conduction system. 
Slowed conduction enhances formation of the rapidly 
firing reentrant circuits which are probably respon- 
sible for the nodal and ventricular tachycardias 
observed in the first type of response. Further 
slowing of the conduction velocity inhibits reentrant 
circuits with the emergence of pronounced bradycardia 
and long ORS complexes. Nodal and ventricular tachy- 
cardia cannot be due to increased ventricular auto- 
maticity which is easily suppressed by BUP. Sinus 
automaticity is markedly suppressed by BUP, however, 
sinus bradycardia observed in some rabbits may aiso 
be due to the marked sinoatrial conduction block. 

The dominant initial tachycardic type of response to 
BUP with long bursts of sinus tachycardia can only be 
explained by adrenergic reversal of the direct BUP 
effects on the sinus node. This reflex adrenergic 
response is probably due to the peripheral vasodi-~ 
lation induced by the increasing concentrations of 


BUP. 
References. 
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Figure 1. Effects of BUP on the EKG of unsedated 
rabbits, a~type I response (nodal tachycardia), b- 
type II response (bradycardia with sinus arrest), 
ceirreversible, terminal phase. 
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Figure 2. Effects of BUF (5 mg/1) on the inter- 
electrode conduction time (ICT) at different rates 
of stimulation. Upstrokes of the action potentials 
shown at Fast sweep speed of the oscilloscope. À- 
control at 60/min (ICT-3.4 sec), B-30 min of super- 
fusion with BUP at 60/min (ICT-7.1 sec), C-control 
at L20/min (ICT-4.9 sec). D-30 min of superfusion 
at 120/min (ICT-22.5 sec). Vertical calibration 

50 mV, horizontal 5 msec. 
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intreduction. Electrical coupling and trans- 
mission of excitation between neighboring cells in 
heart muscle is ascertained by the existence of low- 
resistance intercellular channels called gap 
junctions. A decrease in the degree of cell-to-cell 
coupling may induce disturbances of synchronous 
discharge in the pacemaker region, produce slow 
conduction or even conduction block. This study 
evaluated the influence of various anesthetic drugs 
on inter-cellular coupling in normal and calcium 
overloaded preparations. 


Methods. Papillary muscles were excised from 
the right ventricles of feline and canine hearts. 
They were superfused with Tyrode solution gassed with 
954 02 -5% C02. Changes in intercellular coupling 
were evaluated by measuring internal longitudinal 
resistance (rj) using either the oil-gap method! or 
modified sucrose-gap method2. In the oil-gap method 
extracellular and intracellular potentials were 
recorded with glass microelectrodes. In the sucrose 
gap method relative changes in trans-gap potential 
(TGP) (Fig.l) were measured and its amplitude in 
control conditions was taken as 100% of coupling. In 
the oil-gap method twitch and resting tension 
developed by the muscles were also measured. Halo- 
thane and diethyl ether were vaporized whereas 
alcohols and local anesthetics were directly dis- 
solved in Tyrode solution. Data were analyzed 
statiscally by Student "t" tests (P¢€O.05 signifi- 
cant). 


Results. Halothane (22-34) and medium-chain 
alcohols (1-5 mM hexanol, heptanol, octanol and 
Phenol) produced fast and reversible uncoupling. 
Ether even in high concentrations (15-50mM) exerted 
no effect. Lidocaine (1074M) and droperidol (1074M) 
which exerts local anesthetic effects similar to 
lidocaine, did not affect coupling in the normal 
preparations during 30-60 min exposure. Tri- 
fluoperazine (1074M) which as a chlorpromazine 
derivative also exerts pronounced local anesthetic 
effects, did not affect coupling in the normal 
preparations. These drugs were also tested in 
calcium overloaded preparations. Calcium over- 
loading was induced by superfusion for 30 min with 
400% hypertonic sucrose solutions. Such treatment 
transiently disrupts cell membranes inducing influx 
of calcium. Contracture (increase in resting 
tension) and electrical uncoupling induced by this 
superfusion could be partly prevented by pretreat- 
ment for 45 min with lidocaine or droperidol, and 
prevented by Trifluoperazine (TFP). The difference 
was Statistically significant. However, TFP was 
unable to prevent electrical uncoupling induced by 
halothane and alcohols (Fig.l) 


Discussion. It was shown previously that inter- 
cellular uncoupling is produced by calcium over- 
loading during hypoxia/ischemia or during digitalis 
intoxication. In this study we have shown that 
electrical uncoupling can also be produced by 
halothane. This finding may explain inhibitory 
effects of halothane on intraventricular conduction 
and its arrhythmogenic influences. Local 
anesthetics which are commonly used as anti- 
arrhythmic drugs, while exerting no effect on 
coupling in normal preparations, can prevent 
uncoupling produced by calcium overloading. Strong 
preventive action of TFP may be due to the fact that 
this neuroleptic is a relatively potent inhibitor of 
calmodulin, the protein mediating biological effects 
of calcium inside the cells. Indirectly it implies 
that calmodulin may be involved in calcium~-induced 
uncoupling and that inhibition of calmodulin activity 
may prevent this type of uncoupling, suggesting that 
new, more specific calmodulin inhibitors may be very 
effective as antiarrhythmic drugs. Uncoupling pro- 
duced by halothane and alcchols could not be 
prevented by TFP. As these substances produce 
strong negative inotropic effects and relaxation 
rather than contracture, a possibility of calcium 
overloading produced by these substances is certainly 
excluded. This result suggests that electrical 
uncoupling produced by halothane and alcohols depends 
on a different mechanism (direct action on channel 
forming proteins?) which is not dependent on inter- 
action of calcium with gap junctions. 


References. 
bs Wojtezak J.: Contractures and increase in 
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muscle induced by hypoxia. Circulation Research 
1979344: 88~95, 
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longitudinal tissue resistivity of trabecular muscle 
from mammalian heart. Pflugers Archiv 1973; 345:195- 
205. 
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Figure 1. Effects of halothane and trifluoperazine 
(TFP) on intercellular electrical coupling (TGP). 
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Introduction. The incidence of postoperative 
hypertension following coronary artery bypass 
grafting (CABG), is reported between 30 and 602, 
and mainly due to raised levels of catecholamins, 
renin/angiotensin and possibly 5-hydroxytryptamin, 
causing an increase in systemic vascular resistance 
(1). Nitroprussid and ketanserin have been reported 
to be effective in the treatment of this kind of 
hypertension (3,4). In a clinical study both agents 
were compared with respect to the haemodynamic 
responses and changes in shuntfraction (Qs/Qt). 


Methods. Two groups of 10 patients, comparable 
in sex, age, weight and duration of extracorporeal 
circulation, who had undergone CABG, were treated 
with either nitroprussid (N) (1,5 mg/kg/min) or 
ketanserin (K) (10 mg + 0.1 mg/kg/hr), when the 
systolic blood pressure (SBP) had increased post- 
operatively to 150 mmHg. The following haemodynamic 
values were measured before and following 30 minutes 
of treatment: SBP, diastolic blood pressure (DBP), 
mean arterial pressure (MAP), systolic pulmonary 
artery pressure (SPAP), diastolic pulmonary artery 
pressure (DPAP), mean pulmonary artery pressure 
(MPAP), pulmonary capillary wedge pressure (PCWP), 
central venous pressure (CVP), heartrate CHR), 
cardiac index (CI), systemic vascular resistance 
(SVR), pulmonary vascular resistance (PVR). At the 
same time Qs/Qt was determined after the patients 
were ventilated with Fl02=1.0 during 5 minutes. 
From all patients informed consent was obtained; 
the study was approved by the ethical committee of 
the hospital.Statistical analysis was performed 
using Wilcoxon-MPSR/analysis (intragroup) and 
Mann-Whitney U-test (intergroup). 


Results. In the N-group SBP, MAP, DPAP, MPAP, 
SVR, PVR, decreased, and CI increased significantly, 
proportional to the K-group, but HR and Qs/Qt in- 
creased significantly in the N-group (p¢ 0.05), and 
not in the K-group (fig. 1). 


Discussion. The treatment of postoperative 
hypertension following CABG, a well-known phenomenon 
(2), consists generally of the use of vasodilating 
agents like nitroprussid, nitroglycerin, trimetaphan 
or hydralazin (1,4). In this study in which nitro- 
prussid was compared with ketanserin, both agents 
appeared to be effectively antihypertensive by de- 
creasing the raised systemic vascular resistance 


with comparable haemodynamic responses, but ketan- 
serin, a 3-hydroxytryptamin antagonist with alpha- 
blocking properties (4), caused no reflextachycardia 
or increase of Qs/Qt, as was the case with nitro- 
prussid. Especially in patients with a jeopardized 
myocardium or pulmonary dysfunction, this feature 
might be advantageous in preventing an increase in 
myocardial oxygen consumption and/or hypoxia. 
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e Shorter recovery times 
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PHARMACEUTICA 


SUFENTA 


(sufentanil citrate) Ijection C 


Gut Faderal Law Prohibits Dispensing Without Prescription 


DESCRIPTION 
SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-}4-(nethoxymethy)-1- 
(2-(2-thiemy)}ethy!}-4-piperidiny!}- N-phenyipropanamide 2-hydroxy-1.2,3-propanetricarboxylate (1:7). 
SUFENTA is a starts, preservativo free. aqueous solution containing sufentanil citrate equivalent to 50 zg per 
mi of sufentand base for intravenous Injection. The solution has a pH range of 35-75. 
SFE opioid analgesic. SUFENTA is 5 to 7 times as Nes i k 
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FENTA $ profound analgesia: z UCES a 
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Te paras ot SFO can be esd as a5 a three-compartment model, with a distribution ime 
minutes, redistribution of 147 minutes and an elimination hatfitle of 448 minutes. The iver and smali 
intestine are the major sites of biotransformation. Aporoxdmataly 80% of the administered dose is sxcreted 
within 24 hours and only 2% of the dose is eliminated a8 unchanged drug. Plasma protein binding of SUPENTA 
B approximataty 92.5%. 


SUFENTA has an Immediate onset of action, with relatively Emited accumutation. 
storage sites aBows for relatively more racea > comparod with Wtan dosages of SUFENTA of 
1-2 mg/kg, recovery timas are com ase observed with fentanyl; at dosages of >2-6 pg/kg. 
recovery times are aie fo a turane, ONE ins ar nten WIT Te Anaa Bese tie 


etmination from tissue 


8-30 ug/kg of . recovery times are more rapid compared to equipotent fentanyl dosages. 

eet T A SUFENTA produces hypnosis and anesthesia without the use of addtional 
iovel of anesthesia is maintained at these dosages, as demonstrated by FEG 

mse aa d o eo Ap aa e thetic response to surgical stress. The catecholz- 


ming response, norepmnephring, ts further attenuated at doses of S 
hemicdyrantic ality ani Gf seer dn GF Eroria OCA al caynen DAN 
The effects of pancuronum may produce a dose dependent slevation in heart rate ake 
-oxygen anesthesia. The vag vagal efect of paca may be reducat 1n patents ais 
nitrous oxide with SUFENTA. The use Seen ete te ee ytic neuromus- 
Be soont MEY Da bed 10: ratai: a: stalls pressure 


SUFENTA-oxygen anesths 

neurosia aa ace generally howe as compared to patents gen feta or fathane and 
comparable to patients given enflurane. 
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SUFENTA at 20 aa boari Sor ta prune mora adeguata IPAICIOA: I. Naranai vatima Wal 
equivalent doses af nany. besoa upon requreinenis or furosemide and anasthesia supplementation 
in one study of patients und craniotomy. During carotid endarterectomy SUFENTA d EEG 
patterns and reductions In cer od flow and oxygen utilization comparable to those of fentanyt. 
The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a eee 
E wel empl i she Rabel br gall narod oral age } 
hypertension, need for vasoacthe agents and requraants or postoperative analgesics ae generaly 
reduced in patients administered moderate or high doses of 


of 25-30 pg/kg, with 


Decreased respiratory drive and increased resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when is used at sub-anesthetic dosages, At high doses, a 
pronounced decrease in pulmonary exchange and apnea may be produced 


INDICATIONS AND USAGE 

SUFENTA (sufentanil citrate} is indicated 

2s an angigasic adjunct at dosages of up to 8 ug/kg in the maintenance of balanced general anesthesia. 

TeV Gch for cation OE ea auc a A A or nerve 100% oxygen in patients 
res, such as cardiovascular rhe sah cel ler procedures in the 

stg oto, provi fv yeaa anor oye or when extended postoperative 


CONTRAINDICATIONS 
SUFENTA is contraindicated in patients with known hypersensitity to the drug. 


WARNINGS 
SUFENTA showd be administered only by stl apres Rabat In the ose of Intravenous 
snesihetics and mamagemont of the respiratory siocts 


Aa opioid antagonist, resuscitative and intubation ss Laan pe seis = hing be rsadity avafiahis. 
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Just prior to administration of SUFENTA at Ge adele be ministration of a full paralyzing 
pla lana pelt when SU used in anesthetic 


Sahat sow roms non oc 3) eens admiration SUF ENTA 
So orl Pona dee of neuronis ape Wren SUPENA Sod nail aor 
abt dosages above 8 g/kg). 


The neuromuscular Poceo agar ae Shinu te compania wi Ie cardiovascular status. 
ee be available for postoperative monitoring and ventilation of patients admunistered 
anesthetic doses of SUFENTA. ftis essential that these facilities be fully equippad to handle af dagress of 
respiratory depression. 


PRECAUTIONS 
A hl ct A ENT INED pg elie al ih hc E E R 
the Initial dose should be considered in determining supptsmantal 


Vital signs should be monitored routinely 
Nitrous oodde may produce cardiovascular depression when ghen with high doses of SUFENTA (see CLINICAL 
PHARMACOLO ogy) 


doses of pancuronium may produce increases in hsart rate during SUFENTA-oxygen anesthesia. 
Beata has been eoriea EN infrequently with SUFENTA-oxygen anesthesia and has been responsive to 
iad Gi SUFENTA may obscure the clinical course of patients with head injuries. 


impaired Respiration SUFENTA should be used with caution in wath pu 
pua ay Daath toggle y comoromia raoe aen n such patients, 
decrease respiratory drive and Increase airway resistance. D thts 
E e eke hn A e opioid and by 
iaid antagonists such as naloxone. Because the duration of respiratory depress ake 
ue sn Se ot a ea araa 


be 
n, SUFENTA should p 


impaired or Renal Functor: in paliemts with iver or dysfunctio 
aa with caution due to the importance of these organs in the metabolism and excretion 


Drug interactions: An additive effect with SUFENTA may be exhibited in patients receiving barbiturates, 
tranguiizers, other opioids, gsneral anesthetics or other CNS depressants. In such cases of combined 
treatment, the dose of one or both agents should be reducad. 


er eg et te 
eenos case O o net ua sigs) og fate Bop aE Eat 


aso raveaied no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies 


ee ee eee ee fect in rats and rabbits when 
Pape dot a matora Tony oad fod os to over 30 days. These sifects were 
most probably due to ma bare food consum with increased modality) following 
prolonged administration of 


dial a ate nea Re A 


Thare ara no adequate and well-controlled studies in women SUFENTA should be used during 

a Wa Dar Tiere clipe rein i sol eee A SUFENTA In kab d delivery. 
Thare are 0 SU use or an 

Teretore: sic (ae i8 nit recommended 

Hursing Mothers: It is not known whether this drug is excreted in human mifk. Because drugs are 

excreted in human milk, caution shouid be axerckted when SUFENTA is administered to a ng woman. 


Pediatric Use: The safety and efficacy of SUFENTA in chidren under two years of age undergoing 


cardiovascular su has been documented in a fnited number of cases. 
E aria 1 ravenous ee 10 180 te ae Mea 1A io 0 marin 
Js and 1 ‘to 195 in dogs. Reproduction studies in rats and rabbits given doses of 


weet the upper human see Hpi lee dir alle erg 
due to decreesed food consumption and anoxia, which preciide any meaningful bitarpretation of the results. 
The a a iai loids are respiratory depression and skeletal ity See 
most common r muse e 
CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory a 
and skeletal muscle rigidity 
The most fr t adverse reactions in cinical trials mvotving 320 patients administered SUFENTA were 
Clears Pilah (3%. saga rigidity y 0 af and bradycardia Q. 


ting 
Respiratory: apnea, ative gon, bronch 
tory: postoper respiratory depression, ospasm 


gical 
Central Nervous Systerr chills 
Miscellaneous: intraoperative musce movement 
eiee raig a Schedule E controla d subs hat can produce d 
antank c 2 ru tance that can ce capendencs of 
aam erie type ae thertore hs the potant‘ for being abuset i 


Deri wad be rant by a xs pace cons o! SUNT CLINICAL 

ray eb L DN Seen E a ariencas of overdosage with 
SUFENTA have bean established during clinical trials. The intravenous LD,, of FENTA in male rats ts 934 to 
5 (poe ANIMAL for in other 


countermeas ae ee yen xyger! should be a ual 
controled as indica patent arway must be maintained, and ¢ nasopharyn- 
geal airway or endotrach cones is associated with musouiar 


ngidity a blocang i controlled respiration. 
I ela ae ease va ria renine of hyD nS À anu ONET Suo Oria MESSIES Mias Se 
DOSAGE AND ADMINISTRATION 


Tare dis R nel We Cl seal OES Ene tinea Inco 

condition, use of other d the deeage T cedure and anesthesia. In obese 

forse 2 ave total body the should be dete-mined on the 

a EnD body weight. Dosage should be reduced aot aod deblitaied patients Dne PRECAUTIONS) 
Vital signs should be monitored routinely. 

od tala ied cote ltt elt tk ela a an e nan 23 an 


analgesic adjunct to genaral anesthesia, and 2) in doses 28 wq/kg as a primary anesthetic agent 

and maintenance of anesthesia with 100% oxygen. 

Nee nn AOO er en aie 
undergoing moka Se ee ay aide 
generally recommended. Sup a ee up to 25-50 ug are recommended for maintenance, 

of rostoree 1O ete Soe ee ve by changes in vital signs indicating surgical stress or Eghtening 
an 

Premedication: The selection of preanesthetic medications shouid be based upon the reeds of the individual 


e Blockiag Agents: The nauromuscular blocking agent selected should be compatible with 
the patient's condition, taking into account the ie affects of a far muscle relaxant and 
So eee CUNICAL MACOLOGY WARNINGS and 


ADULT DOSAGE RANGE CHART 


TOTAL DOSAGE MAINTENANCE DOSAGE 


1-2 ng/kg: administered with nitrous cae Aa 10-25 ug (0.20.5 mi}: as needed wien mow- 
gen in patients un py ane surgery ment and/or changes m vital sigs indicate 
which endotracheal in n and a surgical stress or lightening of analgesia. Sup- 
vertiation are required. plemental dosages should be indridaalied and 
2-8 poskg: administered with nitrous oxideAoxy- 
gen in pahents undergoing more comphcated 
major ee SMEAR won ben Ai dosages in this 

has been shown to provide 
some attenuation of sympathetic reflex activity 
in response to surgical stimul. provide hemo- | i vital signs that indicate stress or ligntenung of 
dynamic stability and provide relatively rapki BE ak Supplemental dosages should be 
recovery. indrrdualized, and adjusted to the remaining 


8-30 ng/kg: (anesthetic doses) admmistered | operative time anticipated. 
with 100% oxygen and a muscle relaxant. 
SUFENTA has been found to produce sleep at 
dosages > 8; and io maintain a deep level 
of anesthesia wi the use of additional 
PEE At dosages in ths range of up 

25 ngk catecholamme release is atten- 
aled: sages of 25-30 yg/kg have bean 
shown to block sympathetic responses inchud- 
ing catecholamine relaase. High doses are indi- 
cated in patents undergoing major surgical 
procedures. such as cardiovascutar Surgery 
and neurosurgery in the sitting position 
maintenance of favorable myocardial and cere- 
bral n balance, Postoperative mechanical 
ventilation and observation are assential at 
these oue e extended postoperative 
respiratory 


in patients administered a fanesihetiq) doses of SUN. It is essential that quabfied sersonnel and 
adequate facliitles are available for the management of postoperative respiratory depression. 

Also see WARNINGS and PRECAUTIONS sections. 

Parenteral drug products should be inspected ay ad particulate matter and diseotoration prior to 
administration, whenever solution and container perm 

HOW SUPPLIED 


ove to the remaining operative t-me anticl- 
pated. 


25-50 zg (0.5-1 mij: as determined by changes 


25-50 po (0.5-1 mi}: as determined by changes 
in vital sgns that indicate stress and hghtening 
of anesthesia. 





Protect from light. Store at room temperature. 


JANSSEN 
SJ] PHARMACEUTICA US. Patent No. 3998834 
Piscataway Nu, 08854 7618500 May 1984 


PACKAGED FOR 
SPECIAL DELIVERY 


The Anectine Flo-Pack® needs no refrig- 
eration and mixes instantly with diluent. 
No separate needle or syringe is nec- 
essary. And, both the 500 and 1000 mg 
sizes work equally well with 

_ either bottles or bags. 


The Anectine 20 mg Bottle 

has a unique square shape 

for added safety and a con- 
venient flip-off top for speed 

of use. The distinctive yellow 
and red label can be read from 
the reverse side for instant iden- 


e ~  ANECTINE 


(suċcinylcholine chloride) 


Deli vers the Kind 
a -òf Ease and 
& E Convenience You Need 





for prolonged 
procedures: 


Vlastectomy 





Coronary Bypass 


Hysterectomy 


prolonged action 
can be a plus. 


Premedication with Ativan® (lorazepam) Injection 
may well be the most logical choice for longer 
surgical procedures where extended sedation 
and/or lack of recall are especially desirable. 


A single injection of Ativan Injection provides 
dependable sedation for 6-8 hours. When surgery 
runs longer than anticipated, or unexpected delays 
occur, repeated injections may not be required. 





Copyright © 1983, Wyeth Laboratories. All rights reserved 





é 


Hip Replacement 





Cholecystectomy 


Knee Surgery 
Head and Neck 


Administered as recommended, Ativan Injection allays 
Preoperative apprehension, relieves anxiety, leaves 
patients calm but cooperative and diminishes recall 
of events surrounding surgery. There is little, if any, 

IV irritation at proper dilution, and only minimal effects 
on blood pressure, pulse or respiratory rate. 


The dosage of Ativan® (lorazepam) Injection should 

be individualized for each patient. For those in 

whom reduced recall and excellent sedation are desired. 
doses of 0.05 mg/kg up to a maximum of 4 mg should 
be administered. For patients in whom lack of 

recall is not desired, and for the elderly or 


debilitated, the dose should be reduced. (LORAZEPAM) @ 





> te 


Wyeth Laboratories | M or |V 


Philadelphia, PA 19101 
AA See important information on following page. 


™ 


Other 
7 ` grene which may require amputation. (See Warnings) 
', WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DALUENT 


- No evidence now 


i; R en Orrar ah Inita 000a o1 2 Mo may Da delat Undese Greater decreas! lack 


` Or regional anesthesia is recommended to minimize 





oR AZERAM)@ 


DESCRIPTION: Ativar® 
for fd or IV use. It has 


cto, a benan zp with att and save te rd 
cal formula 7-chioro-5-(o-chleropheny!)-1,3-ditrydro-3-hydraxy-2H-1,4-benzo- 


Lorazepam ls a noarty white powder almost insoluble In water. Exch ml of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 mi polyethylene glyco! 400 hn propylene gtycol with 2.0% benzyl alcoho! as preservative, 
pra apc arin wert cre ian RIDO 0 bbe ta lorazepam infection to 
adult pattents is followed by dose related effects of sedation rethef of preoperative anxi- 
ety anc lack of recell of overt releted to day of suryery in mest patient. The clinica! sedation (sleapttess or 
ON tthe beni ve ar par S O EA EEA opted adele 
appearance of being awake or asieen. Lack of recall is reistive rather than absolute, as determined under condi- 
tions of casei! patient questioning and testing, using props designed to enhances recall. Most patients under these 
reinforced condRions had difficulty recalling perioperative events, or recognizing props from bsfore suryery. Lack 
Of recai and recognition was optimum within 2 hours after IM and 15-20 minutes after [V Injection. 


sleepiness 
benzodiazepines, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted In isolated and rare oases for greater than 24 hours. 
yore lle ae! er aaa am In doses up to 3.5 ng/70 kg does not alter senslthy- 
respiratory 


effect of carbon dioxide and does not enhance depressant effects of doses 
eeah cous wie kg dsiermined by carbon dioxide challenges) as long as patients reenain suffi- 
Ctenthy awake to undergo testing. capil was In raro where the patiant 
recotved than was excessively sleapy and difficult to arouse. (See WARNINGS and 


employed doses of lorazepam injectable do not greatty affect the circulatory system in the supine 
tion or a 70 degree tiit test. Doses of 8-10 ing of IV lorazepam (2 to 2.5 times maximum 
dosage) will produce lage of Bd refiexes within $5 mintes. 

Stikes in aix (8} healthy young adults who recetved injection and no other drugs revealed that visia! 
tracking (the ability to keep a moving ne centered) was for a mean of sight (8) hours following 4 mg IM 
lorazepam aed four (4) hours following 2 mg IM with considerable subject variation. Simfar findings were noted 
with pentobarbital 150 and 75 mg. Aithough this study showed both lorazepam and pentobarbital interfered with 
eye-hdind coordination, data ars insufficient to predict when R would bs sale to operates a motor velticie or engags in 
hazardous occupation or sport. 

WIDICATIONS AND USAGE: in aduits—for preanesthetic medication, producing sedation (steeples or drowsl- 
ness), relef of anxiety, and decreased abitity to recall everts related to day of surgery. Most useful in patients ara- 
lous about surgical procedure who prefer dininishad racall of events of day of surgery. 

pip baptised ruta alg le iri hel bl Rar oh gd a 
and banzyl alcoho!) or acute narrow angia gtaucama. intra-arterial! Infection is contraindicated 

injectable benzodiazepines, Inechvertent intra-arterial Injection may produce arteriospasm resuiting in gat 


EXTRAVASATION 
WILL NOT OCCUR, PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPAHIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION: THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AJA ABLE 
supports icrazepam injection In coma, shock or acute sicohol intoxication. Since the Ever is the 
ise fran vl pester ela excretion of conjugated lorazepam (glucuronide), ie renal, lorazepam is not 
recommended in hepatic and/or renal Hwe. This does not proctude its use in pationts with miid to moderate hepa- 
tit or renal disease. When lorazepam ie usad in miid to moderate hepatic or rena disease, consider 
lowest effective dose since drug effect may be protonged. Experience with other benzodiazepines and limited expe- 
Leal vcore arr etal ariel one omnta tale and itar I 
ts dftalntsied. deeb estes die pal lvreble ppg cha lasers 
machinery or motor vehicles or engage in hazardous occupations for 24 10 48 hours. impairment of performance 
Jord pak aanried a f Panekan eda ral 
condition of patient. Clinica! trials showed patients over have more profound and ngad sedation with 
recall ts desired. As with 
AE DATO TEE OPEN lh ienae then a y Aba 
in miry irom fal fing. Thore ls no added beneficial effect trom adding scopolamine to Imectable torazepan, thoir 
result in increased Incidence of sedation, halhucinatiin and Irrathona! behavior. 


dosage. Although all these anomalies were not present fn concurrent control group, they have been to 


p.o, or 4 mg/kg I and higher, there was evidence of 
fetal resorption and increased fatal boss in rabbits was not soen at lower doses. . 


Precedures: Thera are Insufficient data to support lorazapam injection for outpatient endoscopic 


ci PRECAUTIONS: erat Baar Kriye aula esas o1 Star Os. pienta rarat analo: 


oy . 
i een 


: 
ea a 
X ae ee 


Hol belt Bra bapa 


barbiturates, scopolamine and MAO inhiitors when these drugs are used concoraltarity 
with ar during period of recovery from lorazepam infection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
idvazepam injection to ekderty or very Hi patients, or those with limiisd pulmonary reserve, 

cardiac arrest. Remuacttative aa tah trate A 

kerastase 
as prior to regional or local anesthes! sieopinese or drowsiness 

Sanat eoe cooperation to determine a eecentneet ees 
pol EEOC suniesies se uae! OORA wit the recommendsd dose. (See ADVERSE REACTIONS.) 
information for Patleste: As appropriate, Inform patients of pical effects, e.g. sedation, relief of 
ep cashed dirata! Acasa (Mouta 


Se dehau A aleate ikaas a 
ileal IO chat Ao Aa receive injection as pramedicant that 
sports should be delayed for 24 to aa 


mobiles ar operating hazardous a lel sg 
Socathves, given with injectable lorazepam may 


narcotic anaigestcs produce 
and profound DA I LA EAA aionpunnss or GONSE PE. ATES Sr i 
wf real and recog on of vet o yo surgery and the day afar: Getting but of bed unassisted may rest h 
ng lorazepam infection. Alcoholic beverages shontd not ba 
we ea Lebar eal plese a 
in general. Eiderly patients should be told lorazeparn injection may make them very sleepy tor longer 
than Bene aftr urge. $ 
Léatroratory Testa: in cinical trias no ito?atory test abnormalities ware identified with singts or muttiole doii 
of forazeparn infection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, chotes- 
oroi, uric acid, BUN, ghucose, calcium, phosphorus and tota! proteins. 


R els usd concomitant with rjactakia kaanga ese rence sedation ani 


C behavior was observed. 

Z Drug/Laboratory Test hederacfians: No laboratory test abnormalities were identified whan lorazepam was 
edad he elt A cae acca lla 
ERTE various tranquili7ing agents. 


a nn E E 
Ad? Gi, ' E 


STION MoV 


PE EPa ion Gi 
as arei ica DART BUE north gor oth Orl DCE studies regarding mutagenesis bave tean per- 
ia EE AEE T EA A E D E GOEN AGONIA EME 
Pregnancy: Pregnancy Category D. Ses WARNINGS section. - 

Labor and > There are insufficient data for lorazepam infection in labor and delivery, Including cesarean 
section: therefore, this use is hot recommended. 

kursing Mothers: Do not give injoctabis to qursing mothers, because Wie other benzodiazepines, 
torazepam may possibly be excreted in human miik and sedate the infant. 

Pediatric Bsa: There are insaflicient Gata to support efficacy or make dosage recommendations for hrjactebis 
torazapam in patients under 16 years: tharefore, such usa is not recommended. 

ane E a r EE e a 

CNS depressant effects. incidence varied from one study to another, 
depressants, and 3 Opinion concerning degres and duration of desired sadation. Excessiva 

and drowsiness were side effects. This interfered with patient cooperation in about 6% (26/448) of 
undergoing regional anesthesia In that they were unable to assess levels of anesthesia in rogtonal btocks or with 
caudal anesthesia. Patients over 50 years had higher Incidence of excessive sleepiness or drowsinoss compared 
with those under 50 (21/106 vs 24/245) when kerazepam was given IV (see DOSAGE and ADMINISTRATION}. On rare 
occasion (3/1580) patiant was unatde to give personal Kdentification on arrival in operating room, and one 

fell when attempting premature ambulation in postoperative period. Symptoms such as reatioseness, 
depression, crying, sobbing, and delirium occurred In about 13% (20/1580). One patient Injured himself postopera- 
thvaly by picking at his incision. Hallucinations ware present in about 1% of patents, and ware visual and 
seif-fimiting. An occasional patient comptalned of dizziness, diplopia and/or blurred viston. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had profanged recovery room stay, because 
of excessive siseniness or some form of behavior 


Compiex 
mental functions. Enhanced sensitivity to alcoholic beverages was reparted more than 24 hours after injectable 
lorazepam, skniios-tc experience with other benzodiazepines. 

Local Effects: M {orazepam resutted in pain at Injection sits, a sensation of burning, or observed redness in the 
same area in a very vartable incidence from one study to another. Overall incidenca of pain and hurning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at Infection site (redness) occurred in about 2% (17/8539) in immediata postinjection pariod, and ware present 24 
hours kater in about 0.956 (7 (V lorazepam resulted In pain in 19/771 patients or about 1.6% immediately post- 
Injection and 24 hours later 4/771 patients or about 0.5% still comptained of pain. Redness dtd not occur immedi- 
ately post IV but was noted In 19/771 patients at 24-hour period (incidence is sien! Lar to that observed with IV - 
infusion before lorazepam was given). 


Cardiovascular Systene: Hypertension (0.1%) and hypotension (0.1%) were occaelonally observed after patients 


received injectabte lorazepam 
Five patients (6/448) who underwent regional anesthesia were observed to have partial 

alrway This was believed dus to excessive sisepiness at time of procedure, and resulted be temporary 

immediate attention to the airway, usual Countermeasures, wHi iscreity suffice to man- 
age this (pee aiso CLINICAL PHARMACOLOGY, WARNINGS and 
Oiar Adverse Skin rash, nausea and vomiting were occasionally noted in patients who received 
kioctabls lorazepam with other drugs during anesthesia and surgery. 
DASG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to imited Although there ars no such cHnical date for injectable lorazepam, 
repeated doses over prolonged period of tine may result in imited physical and peychological dependance. 
a oy Hc pee pained rail rac T A le 
ing from drowsiness to coma. In miid cates symptoms include drowsiness, manta contusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and vary deeth. Treat- 
meitt of overdosage is maliy supportive itil drup is eliminated. Carefully monitor vital sins fluid batance. 


Sie csi ces ao esl 
and container permit. Do not use H solution ts diecol- 


. tufenting: For designated 
up to maximae of 4 mg. As with all premedicants, individualize dose. (See siso CLINICAL 


latrevesous For the primary purpose of sedation and relef of arodety, usual recommended initial MY 
doso of lorazepam is 2 mg total, or 0.02 mg/h (0,044 whichever 1s smaller, This dose will suffice for sedat- 
ing most adutts, and should not ordinarily be ecceeded in patients over 50 years. in pathents in whom greater Hicet- 


{s06 WARNINGS). 
Ay leaena in petits der & youre Geeta. cick ine 9 (0 
Administration: When given iM, lorazepam injecticn, ype giro borer A Mae o mies T- 


with an equal volume of compatible sodution. When propecly dikitod the drug may be Injected directiy Into a vein or 
into the tubing of an existing IY infusion. Rate of Injection should not exceed 2.0 mg per minutes. Lorazepam Injection 
is compatible for diution purposes with: Sterite Water for Infection, USP, Sodium Chloride nection, USP, 5% Dex- 
trose injection, USP. 

BOW SUPPLIED: Aftvan® (lorazepem) Injection, Wyeth, Is available in multinie-cose viets and in TUBEX® Starilla 
Cartridge-Nsedie Units. 


2mg/mi, NDC 0008-0561; 10 ral vial and 1ari fit in 2 mi TUBEX. 

4 mg/ml, NOC 0008-0670; 10 mi wal and 1md ÑN In 2 m TUBEX 

For M of IV injection. 

Protect from light. Keep in refrigeratar. 

Riroctons for fon for I Us: oa, hare to flowing procedure: For TUBEX (9 Extrude entre 
amount of alr In hait-fifled TUBEX. (2} 51 re lofted lah apd Shean ill elgg 


provide additional mixing space. (4} mix contents thoroughty by gently inverting TUBEX repeatedly 
until hospogencus solutjon resufts. Do not shake vigorously, zs this wil result in air For Visi—Aspirate 
desired amount of forazeoam injection into syringe. Then proceed as described under 
Wyeth Laboratories 
| í — 
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A first in 
selective spinal 
analgesia; 


The discovery of opiate receptors 
in the dorsal horn of the spinal cord 
has created exciting new options 
in pain management. 
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Prolonged postoperative analgesi 
with a single epidural injection... 


DURAMORPH® PF PROVIDES SUPERIOR ANALGESIA WHEN COMPARED WI 


DURATION OF POSTOPERATIVE 
PAIN RELIEF ANALGESIA 
IS NEARLY OFTEN LASTS UP 
QUADRUPLED TO 24 HOURS 

Hours of analgesia (Mean + S.D.) Percent of patients not requiring 


analgesia 24 hours postoperatively 
EPIDURAL 


1 6.1 HRS. 





EPIDURAL 


37% 


30 


20 








Suramorph PF 


morphine sulfate injection, USP) CII 


INVENTIONAL NARCOTIC ADMINISTRATION: 





Charts depict th Its of a double-blind stud 
OSTOPERATIVE i ie Aate a edy of 5 ae e 
hine (N= 19) with that of 5 nt (IV) 

“J an ae n once a ERA ORAI DAEA 


i HALF THE TIME _ 








a test me tT | 


Hours to ambulation (Mean + S.D.) 


= @ Virtually no sedation or loss of motor function 
LAS DURAMORPH® PF administered epidurally 
as relleves pain with little effect on sensory, motor 
PA ee or sympathetic function. Patients are alert, 

no See cooperative and able to move about without 
discomfort. 





No potentially neurotoxic additives 


Unlike other morphine preparations, 
DURAMORPH® PF contains no bisulfites, phenols, 
chelating agents, paraben preservatives, 

or benzyl alcohol that may cause neurotoxicity 
when administered epidurally. 








Low incidence of respiratory depression 


| Delayed respiratory depression has been 
EPIDURAL es reported. Patients should be monitored closely 
RS. Nee for 24 hours postoperatively after each dose. If 

| respiratory depression should occur, it can be 
reversed readily with naloxone, without affecting 
the quality of analgesia. 





“Cohen SE, Woods WA: Anesthesiology 58:500, 1983 
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PRESERVATIVE-FREE 


Duramorp 





h PF 





morphine sulfate injection, USP) CII 


DESCRIPTION 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) is a sterile, pyrogen-free, isobaric solution free of antioxi- 
dants, preservatives or other potentially neurotoxic additives, and 
is intended for intravenous, epidural or intrathecal administration 
as a narcotic analgesic. Each milliliter contains morphine sulfate 
0.5 mg or 1 mg (Warning: May Be Habit dy and sodium 
chloride 9 mg in Water for Injection. pH range is 2.5-6.0. Ampuls 
are sealed under nitrogen. Each Dosette® ampul is intended 
for SINGLE USE ONLY. Discard any unused portion. DO NOT 
AUTOCLAVE. 


INDICATIONS AND USAGE 

Preservative-free DURAMORPH® PF is a systemic narcotic anal- 
gesic for administration by the intravenous, epidural or intrathecal 
routes. It is used for the management of pain not responsive to 
non-narcotic analgesics. Morphine sulfate, administered epidurally 
or intrathecally, poe pain relief for extended periods without 
attendant loss of motor, sensory or sympathetic function. 


DURAMORPH® PF is contraindicated in those medical conditions 
which would preciude the administration of opioids by the intra- 
venous route—allergy to morphine or other opiates, acute bron- 
chial asthma, upper airway obstruction. 

Administration of morphine by the epidural or intrathecal route is 
contraindicated in the presence of infection at the injection site, 
anticoagulant therapy, bleeding diathesis, parenterally admin- 
istered corticosteroids within a two week period or other concomi- 
tant drug therapy or medical condition which would contraindicate 
the technique of epidural or intrathecal analgesia. 


WARNINGS 

DURAMORPH?® PF administration should be limited to use by those 
familiar with the management of respiratory depression, and in the 
case of epidural or intrathecal administration, familiar with the 
techniques and patient management problems associated with 
epidural or intrathecal drug administration. Because epidural 
administration has been associated with lessened potential for 
immediate or late adverse effects than intrathecal administration, 
the epidural route should be used whenever possible. Rapid intra- 
venous administration may result in chest wall rigidity. 
FACILITIES WHERE DURAMORPH® PF IS ADMINISTERED MUST 
BE EQUIPPED WITH RESUSCITATIVE EQUIPMENT, OXYGEN, 
NALOXONE INJECTION, AND OTHER RESUSCITATIVE DRUGS. 
WHEN THE EPIDURAL OR INTRATHECAL ROUTE OF ADMIN- 
ISTRATION IS EMPLOYED, PATIENTS MUST BE OBSERVED IN A 
ieee AND STAFFED ENVIRONMENT FOR AT LEAST 24 
HOURS. 


SEVERE RESPIRATORY DEPRESSION UP TO 24 HOURS FOLLOW- 
NS BRAL OR INTRATHECAL ADMINISTRATION HAS BEEN 
RE ; 


Morphine sulfate may be habit forming. (See Drug Abuse and 
Dependence section.) 


GENERAL 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) should be administered with extreme caution in aged 
or debilitated patients, in the presence of increased intra- 
cranial/intraocular pressure and in patients with head injury. Pupill- 
ary changes (miosis) may obscure the course of intracranial 
pathology. Care is urged in patients who have a decreased respira- 
tory reserve (e.g., emphysema, severe obesity, kyphoscoliosis) . 


Seizures may result from high doses. Patients with known seizure 
disorders should be carefully observed for evidence of morphine- 
induced seizure activity. 


It is recommended that administration of DURAMORPH® PF by the 
epidural or intrathecal routes be limited to the lumbar area. Intra- 
thecal use has been associated with a higher incidence of respira- 
tory depression than epidural use. 


Smooth muscle hypertonicity may result in biliary colic, difficulty in 
urination and possible urinary retention requiring catheterization. 
Consideration should be given to risks inherent in urethral 
catheterization, e.g., sepsis, when epidural or intrathecal admin- 
istration is considered, especially in the perioperative period. 


Elimination half-life may be prolonged in patients with reduced 
metabolic rates and with hepatic or renal dysfunction. Hence, care 
should be exercised in administering morphine in these conditions, 
particularly with repeated dosing. 

Patients with reduced circulating blood volume, impaired myocar- 
dial function or on sympatholytic drugs should be observed care- 
fully for orthostatic hypotension, particularly in transport. 
Patients with chronic obstructive pulmonary disease and patients 
with acute asthmatic attack may develop acute respiratory failure 


with administration of morphine. Use in these patients should be 
reserved for those whose conditions require endotracheal intuba- 
tion and respiratory support or control of ventilation. 


DRUG INTERACTIONS 

Depressant effects of morphine are potentiated by either concomi- 
tant administration or in the presence of other CNS depressants 
such as alcohol, sedatives, antihistaminics or psychotropic drugs 
(e.g., MAO inhibitors, phenothiazines, butyrophenones and tri- 
cyclic antidepressants). Premedication or intra-anesthetic use of 
neuroleptics with morphine may increase the risk of respiratory 
depression. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY 
Studies of morphine sulfate in animals to evaluate the carcinogenic 
phle i potential or the effect on fertility have not been 
conducted. 


PREGNANCY 

Teratogenic effects—Pregnancy Category C. Animal reproduction 
studies have not been conducted with morphine sulfate. It is also 
not known whether morphine sulfate can cause fetal harm when 
administered to a ti dog woman or can affect reproduction 
Capacity. Morphine sulfate should be given to a pregnant woman 
only if clearly needed. 


Nonteratogenic effects. Infants born from mothers who have been 
taking morphine chronically may exhibit withdrawal symptoms. 


LABOR AND DELIVERY 

Intravenous morphine readily passes into the fetal circulation and 
may result in respiratory depression in the neonate. Naloxone and 
resuscitative equipment should be available for reversal of narcotic- 
induced respiratory depression in the neonate. In addition, intra- 
venous morphine may reduce the strength, duration and frequency 
of uterine contraction resulting in prolonged labor. 


Epidurally and intrathecally administered morphine readily passes 
into the fetal circulation and hls result in respiratory depression of 
the neonate. Controlled clinical studies have shown that epidural 
administration has little or no effect on the relief of labor pain. 


However, studies have suggested that in most cases 0.2 to 1 mg of 
morphine intrathecally provides adequate pain relief with little effect 
on the duration of first stage labor. The second stage labor, though, 
may be prolonged if the parturient is not encouraged to bear down. 
A continuous intravenous infusion of naloxone, 0.6 mg/hr, for 24 
hours after intrathecal injection may be employed to reduce the 
incidence of potential side effects 


NURSING MOTHERS 
Morphine is excreted in maternal milk. Effect on the nursing infant 
is not known. 


PEDIATRIC USE 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS . l 
The most serious side effect is respiratory depression. Because of 
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delay in maximum CNS effect with intravenously administered drug 
(30 min), rapid administration may result in overdosing. Bolus 
administration by the epidural or intrathecal route may result in 
early respiratory depression due to direct venous redistribution of 
morphine to the respiratory centers in the brain. Late (up to 24 
hours) onset of acute respiratory depression has been reported 
with administration by the epidural or intrathecal route and is 
believed to be the result of rostral spread. Reports of respiratory 
depression following intrathecal administration have been more 
frequent, but the dosage used in most of these cases has been 
considerably higher than that recommended. This depression may 
be severe and could require intervention (See Warnings and Over- 
dosage sections). Even without clinical evidence of ventilatory 
inadequacy, a diminished CO, ventilation response may be noted 
for up to 22 hours following epidural or intrathecal administration. 


While low doses of intravenously administered morphine have little 
effect on cardiovascular stability, high doses are excitatory, result- 
ing from sympathetic hyperactivity and increase in circulating 
catecholamines. Excitation of the central nervous system resulting 
in convulsions may accompany high doses of morphine given 
intravenously. Dysphoric reactions may occur and toxic psychoses 
have been reported 

Epidural or intrathecal administration is accompanied by a high 
incidence of pruritus which is dose related but not confined to site 
of administration. Nausea and vomiting are frequently seen in 
patients following morphine administration. Urinary retention 
which may persist for 10-20 hours following single epidural or 
intrathecal administration has been reported in approximately 90% 
of males. Incidence is somewhat lower in females. Patients may 
require catheterization (see Precautions). Pruritus, nausea/ 
vomiting and urinary retention frequently can De alleviated by the 
intravenous administration of low doses of naloxone (0.2 mg). 


Tolerance and dependence to chronically administered morphine, 
by whatever route, is known to occur (see Drug Abuse and Depen- 
dence section). 


Miscellaneous side effects include constipation, headache, anxiety, 
depression of cough reflex, interference with thermal regulation 
and oliguria. Evidence of histamine release such as uticaria, wheals 
and/or local tissue irritation may occur. 


In general, side effects are amenable to reversal by narcotic antag- 
onists. NALOXONE INJECTION AND RESUSCITATIVE EQUIPMENT 
SHOULD BE IMMEDIATELY AVAILABLE FOR ADMINISTRATION IN 
CASE OF LIFE-THREATENING OR INTOLERABLE SIDE EFFECTS. 


DRUG ABUSE AND DEPENDENCE | 
Controlled Substance: Morphine sulfate is a Schedule || substance 
under the Drug Enforcement Administration classification. 


Abuse: Morphine has recognized abuse potential. 


Dependence: Cerebral and spinal receptors may develop toler- 
ance/dependence independently, as a function of local dosage. 
Care must be taken to avert withdrawal in those patients who have 
been maintained on parenteral/oral narcotics when epidural or 
intrathecal administration is considered. Withdrawal may occur 
following chronic epidural or intrathecal administration, as well as 
the development of tolerance to morphine by these routes. (See 
Nonteratogenic effects under Pregnancy.) 


OVERDOSAGE . . 
Overdosage is characterized by respiratory depression with or 
without concomitant CNS depression. Since respiratory arrest may 
result either through direct depression of the respiratory center or 
as the result of hypoxia, primary attention should be given to the 
establishment of adequate respiratory exchange through provision 
of a patent airway and institution of assisted or controlled ventila- 
tion. The narcotic antagonist, naloxone, is a specific antidote. 
Naloxone (usually 0.4 mg) should be administered intravenously, 
simultaneously with respiratory resuscitation. As the duration of 
effect of naloxone is considerably shorter than that of epidural or 
intrathecal morphine, repeated administration may be necessary. 
Patients should be closely observed for evidence of renarcotization. 
Note: Respiratory depression may be delayed in onset up to 24 
hours following epidural or intrathecal administration. In painful 
conditions, reversal of narcotic effect may result in acute onset of 
pain and release of catecholamines. Careful administration of 
naloxone may permit reversal of side effects without affecting 
analgesia. Parenteral administration of narcotics in patients receiv- 
ing epidural or intrathecal morphine may result in overdosage. 


HOW SUPPLIED | . 
Amber Dosette® ampuls for intravenous, epidural and intrathecal 
administration 


5 mg/10 mL (0.5 mg/mL) packaged in 10s (NDC 0641-1113-33) 
10 mg/10 mL (1 mg/1 mL) packaged in 10s (NDC 0641-1115-33) 
Revised September 1984 


CBE STYLE MANUAL 
Fifth Edition 


A guide for Authors, Editors, and PubHshers in : 
the Biological Sciences 
Widely accepted and recommended as the 
standard reference for journals and books in the 
biological sciences 
Special features of this newly updated and greatly expanded edition include: 
e four new chapters; è complete revision of the section 
è reorganization of the *‘Manuscript on "Plant Sciences’’; 
Preparation” section for easier e cross-listing of ‘‘Abbreviations 
reference; and Symbols”; 
e new conventions in the chapter on 
“Style in Special Fields’’; and much more... 


CONTENTS: Ethical conduct in authorship and publication © Planning the 
communication © Writing the article © Prose style for scientific writing © 
References è Illustrative materials ® Editorial review of manuscripts ° 
Application of copyright law © Manuscript into print © Proof correction » 
Indexing © General style conventions ® Style in special fields ¢ Abbreviations 


and symbols © Word usage © Secondary services for literature searching ° 
Useful references with annotations è Subject index 


ISBN: 0-914340-04-2; clothbound; publication date: September 1983; trim 
size 6 x 9 inches; 324 pages 


Regular Price: $24.00 (10% discount on 10 or more copies delivered to one 
address) 
CBE Member Price: $21.50 (single copy paid by personal check) 


Terms of Sale: All sales final; no returns. 
Prepayment required; U.S. currency drawn on a U.S. bank. 
Price includes BOOK RATE postage. 
For faster delivery—first class, air mail, or UPS available at additional 
charge (book weight 1 lb 9 oz). 
Maryland residents, please add 5% sales tax. 


Mail your order with payment to: 
COUNCIL OF BIOLOGY EDITORS, INC. 
9650 Rockville Pike, Bethesda, MD 20814 





Specialty Review in Anesthesiology - 
May 12 — 17, 1985 


Recommended by your colleagues — and there are good reasons s why. 
3 


_ ANESTHESIOLOGISTS 


Medical Services of America is a national group 
of anesthesiologists providing permanent anes- . 
thesia departments to hospitals. - 


Physicians are needed to fill the demands of our 
expansion. Positions throughout the country are 
available. 


This is a group practice at Its finest with Immedi- 
ate ownership at a minimum buy-in price, and 
choice of location, size hospital, and type of 
anesthesia to suit your taste. Your business, 
benefits, and future are managed by In-house 
experts who work full time for you. 


Applications are now being considered for 1985 
and a few Immediate positions. If you qualify and 
are Interested, please send CV or call: 


Medical Services of America 
Executive Headquarters 
1131 S. Orange Avenue 


Orlando, Florida 32806 IT} = 


Attn: Henry W. Wright, Jr. _- 
Director of Administration 


305-236-7900 








Comprehensive 6-Day Review 

They like the fact that we offer a complete, intensive, anc 
up-to-date review of the entire field of Anesthesiology. 
From the fundamental principles that form the basis of 
a to the recent developments in current 
clinical practice, it’s unlikely that you will find such a 
horiei well-presented review of Anesthesiology 
elsewhere. 


Expert Faculty 
They like the diversity of our faculty, drawn from several 


Chicago area medical schools, and rounded out by lecturers 
from across the U.S. All of our lecturers are selected 
because of their clinical expertise and their teaching 
ability. 


More than 50 Years of CME Experience 
They like the fact that we've been conducting CME 


In-Depth State of the Art Review 

Board candidates and residents in training Feciate the 
comprehensive approach. Practicing ning appi siólogists 
like the authoritative update they receive. 


Once you've attended our Specialty Review in Anesthesi- 
ology, we know you'll recommend it to your colleagues, 
too, and will attend again in the future. 


To find out more about our Specialty Review in Anesthesi- 
ology, and to learn how you can register, mail the coupon 
below or call toll-free, (800) 621-4651. In Illinois, call 
toll-free, (800) 621-4649. 


Specialty Review in Anesthesiology 
y 12 — 17, 1985 
e 54 AMA Category 1 Credit Hours 
e Held at: Holiday Chicago City Centre 
e Tuition: $670 for practicing physicians; $500 for fellows 
and residents in training 


courses for more than 50 years, and that we're accredited 
by the Accreditation Council for Continuing Medical The Cook County GRADUATE SCHOOL OF MEDICINE, 
Education. 707 South Wood Street, Chicago, Illinois 60612 


THE CUDK C Please send me everything I need to know about The Graduate School's 
COUNTY 
Name 


Specialty Review in Anesthesiology, May 12 — 17, 1985 
SCHL 
MEDICINE City. Stat ip 


Mail to: 707 South Wood St., Department JAA, Chicago, IL 60612 Toll-free (800) 621-4651. In Dlinois, (800) 621-4649. 





Lucsenp 


ANESTHESIOLOGY 
REVIEW COURSE 


MAY 17-22, 1985 
SAN DIEGO 


NEW 

“In-Depth” Review 
Course in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees. 


Sponsored by the 
Department of 
Anesthesiology, UC San 
Diego School of Medicine 
and accredited for 38 
hours. 


This symposium is 
designed to give the 
practitioner a complete 
review of the applications 
of basic science to the 
clinical practice of 
anesthesiology. Five one 
day sessions will feature 
the following specialists: 


Jonathan L. Benumof, M.D. 
Sheila E. Cohen, M.B. 
John C. Drummond, M.D. 
H. Barrie Fairley, M.B. 

D. David Glass, M.D. 

Paul R. Hickey, M.D. 
Richard |. Mazze, M.D. 
Robert G. Merin, M.D. 
Ronald D. Miller, M.D. 
Mark C. Rogers, M.D. 
John C. Rowlingson, M.D. 


Donald R. Stanski, M.D. 
Michael D. Stanton-Hicks, 
M.D. 

Robert K. Stoelting, M.D. 
Gennaro K. Tisi, M.D. 
Stephen J. Thomas, M.D. 
Michael M. Todd, M.D. 
Clarence F. Ward, M.D. 


Course Directors: 
Jordan Katz, M.D. 
Lawrence }. Saidman, M.D. 


For further details write to: 

Dr. Jordan Katz 

Department of Anesthesia, 
M-029 

University of California, 

San Diego 

La Jolla, CA 92093 

(619) 452-3865 


THE USE OF FIBEROPTIC ENDOSCOPES IN ANESTHESIA 


A Workshop Presented By 


The Department of Anesthesla, Northwestern University Medical School 


and 


Veterans Administration Lakeside Medical Center 


Chicago, Illinois 


Andranik Ovassapian, M.D., Course Director 


DATES: Saturday, March 23, 1985; Saturday, May 18, 1985 
SPEAKERS: Drs. R. Braunschweig, E.A. Brunner, M.H.M. Dykes, C.W. Joshi, A. Koht, T.C. Krejcie, C.H. Stiles, S.J. Yelich 


Application of flexible fiberoptic endoscopes in anesthesia and critical care; physical characteristics of flexible endoscopes; Indications, 
contraindications and possible complications of fiberoptic endoscopy; key points to aid in teaching and leaming various Intubation 


techniques. 


1. 


2. 


- Association. 
‘Registration will be limited to 40 participants. The fee is $225. 


For Information and applicati 


on please contact: 
Ms. Paula Puntenney, Alumni Center for Continuing Education 
Northwestern University Medical School 


Didactic Session . 


Practical Session 


Using a model of the Tracheobronchial tree, the participant will receive Instructlon concerning the proper handling of these 
instruments and through actual practice will improve the dexterity necessary for successful implementation. A special teaching 
station will enable each participant to use a flexible endoscope to ald in galning optimum placement of a double-lumen endobronchial 
tube. 
Supervised practice on Intubation manikins will give each participant “hands-on” experience with various techniques for oral and 
nasal Intubation. A special technique for intubation of the pediatric patient will be demonstrated with a subsequent practice session. 
This course has been approved for 7 hours of credit in Category | of the Physician’s Recognition award of the American Medical 


301 E. Chicago Ave., Chicago, IL 60611 Telephone (312) 649-8533 


Classified Advertising 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, R.R. #9 Box 
86 MM, Santa Fe, New Mexico 87501, (505) 
983-7371. 


ANESTHESIOLOGIST 

American Graduate, Board Certified/Board 
Eligible to join eight-man incorporated group 
with CRNAs and School of Anesthesia, 650- 
bed hospital with minimal OB in city of 
400,000 in Midwest. Responsibilities in- 
clude clinical and didatic teaching. Send CV 
to Box ANA 10-84-Q, % Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Co, Inc, 52 Vanderbilt Avenue, New 
York, NY 10017. 





MAINE 

Well-established group practice in Bangor 
seeking a BCBE anesthesiologist. Compet- 
itive salary and excellent retirement/fringe 
benefits package available to successful ap- 
plicant. Serving two hospitals (440/130 beds). 
All types of surgery (except cardiac). Prac- 
tice offers opportunity to enjoy beautiful 
Maine living while being close enough to 
major centers such as Boston. Submit CV 
in confidence to Anesthesia Associates, PA, 
109 State Street, Bangor, ME 04401. 





ILLINOIS 

Immediate openings for board-certified/ 
eligible anesthesiologists—Assistant and 
Associate Professors. Research opportuni- 
ties. Applications with Curriculum Vitae 
should be forwarded to Dr. Donald W. Ben- 
son, University of Chicago, Department of 
Anesthesiology, 5841 S. land Avenue, 
Chicago, IL 60637. (312) 962-6700. An equal 
opportunity employer. 





PRIVATE TUTORING AVAILABLE POR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 





HOW TO CHOOSE AND MANAGE 
ANESTHESIA PRACTICE 

How to Choose and Manage Anesthesia 
Practice, a seminar for anesthesia residents 
and recent graduates in anesthesia spon- 
sored by District 2 of NYSSA will take place 
on Saturday, March 16th, 1985, at Beth Is- 
rael Medical Center in New York. For fur- 
ther information write or call I. Azar, MD, 
(212) 420-2385. 





CALIFORNIA 

WORLDWIDE ANESTHESIA is an exciting 
organization of anesthesiologists and CRNAs 
who specialize in relief services and provide 
qualified candidates for permanent posi- 
tions throughout the US. To be included in 
our computerized data base or to recruit 
from the nation’s largest resource of anes- 
thesia personnel, call today or write World- 
wide Anesthesia, PO Box 1547, Ukiah, CA 
95482. Nationwide (800) 327-8427. “Over a 
decade of placement experience.” 


EAST CENTRAL ILLINOIS 

Progressive 210 bed hospital seeking boarded 
Anesthesiologists. Attractive college town. 
Average 400 surgeries monthly. Send CV 
to Bill Rauwolf, SBLHC, Box 372, Mattoon, 
IL 61938. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


VARIETY AND QUALITY IN WORK AND LIFE 
Join six MDs and nine CRNAs who provide 
anesthesia services for a 550-bed general 
hospital in Tulsa, OK. While offering the 
social, cultural, and recreational opportun- 


i TE found only in larger cities, Tulsa 


is centered in an area of lakes allowing easy 
access to outdoor activities. Our practice in- 
cludes active neurological, cardiothoracic, 
vascular, and outpatient surgical services. 
Coverage for obstetrics, includes epidurals 
for some vaginal deliveries. We personally 
administer anesthetics as well as supervise 
CRNAs. If you are an Anesthesiologist cur- 
rently trained and experienced in these areas 
and board certified or actively pursuing 
certification you should consider our group. 
We are offering a very competitive salary, 
excellent benefits, and a good place to live 
and practice. Send a letter with CV to J. 
Frederick Jones, MD, Tulsa Anesthesiolo- 
gists, Inc., 1145 S. Utica Ave., Suite 465, 
Tulsa, OK 74104. 


ANESTHESIOLOGIST 

Board certified to head department, 140-bed 
coastal community hospital north of Bos- 
ton. Salaried position with benefits pack- 
age. Send CV to T. Scharfenstein, Presi- 
dent, Addison Gilbert Hospital, Gloucester, 
MA 01930. 





PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


ANESTHESIOLOGIST NEEDED 

BE/BC. Young staff, progressive hospital on 
beautiful shores of Western Michigan. All 
types of surgery except open-heart, no OB. 
Experience in pain management 

Salary negotiable. Send CV to M.J. Kilbride, 
DO, Muskegon General Hospital, 1700 Oak 
Avenue, Muskegon, MI 49442. 


ARKANSAS 

Opportunity for academic anesthesiologist 
in Sunbelt. Work with congenial anesthesia 
faculty in University Hospital of 325 beds 
with strong residency program. May pur- 
sue special interests. Must have passed Part 
1 American Board of Anesthesiology and 
have completed special year of training. Send 
inquiries with CV to Dr. D. S. Thompson, 
University of Arkansas for Medical Sci- 
ences, 4301 W. Markham, Little Rock, AR 
72205. An equal opportunity/affirmative ac- 
tion employer. 


MISSOURI 
Anesthesiologist, board eligible or certified, 
needed to join staff of 6 As and 2 other 


anesthesiologists in a moderately large sur- 
gical service with a challenging and inter- 
esting case load. 482-bed, acute care hos- 
pital affiliated with the University of Kansas 
School of Medicine. Duties will include clin- 
ical instruction of two anesthesiology resi- 
dents and 2 student nurse anesthetists. Call 
or write: Dan O. Roelofs, DDS, Chief, Anes- 
thesia Section, Kansas City Veterans 
Administration Medical Center, 4801 Lin- 
wood Blvd, Kansas City, MO 64128. Phone 
(816) 861-4700, ext 353. An Equal Oppor- 
tunity Employer. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, ead epee orother events. 
Display space (minimum ) is also avail- 


able through E rigos Media, Inc, Rates 


for classified advertising: $.90 per word, min- 
imum twenty words; box number ads $1.00 
word. Copy deadline 7 weeks prior to publi. 
cation, e.g., for the March issue, copy should 
be received by the 1st of January. payment 
or institutional order must accom- 
pany the copy for each ad. Ads received with- 
out a check or purchase order will be returned. 
Ad copy, subject to acceptance by publisher, 
should be mailed to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017, 
Make checks payable to Elsevier Sdence Pub- 
ishing Co, Inc. 





MICHIGAN 

Anesthesiologist to join a group of three 
anesthesiologists. Training in trauma, res- 
piratory care, neuro, and cardiovascular 
(including open heart) anesthesia needed. 
255-bed regional referral hospital in mid- 
Michigan. A wide range of cultural and rec- 
reational activities available in surrounding 
communities. Salaried position with even- 
tual partnership. Salary and benefits ne- 
gotiable. Send curriculum vitae to A. J. Zi- 
ner, St. Mary’s Hospital, 830 S. Jefferson 
Ave, Saginaw, MI 48601. 


OKLAHOMA 

The Department of Anesthesiology, Oral 
Roberts University School of Medicine cur- 
rently has openings for a full-time Chair- 
man and an Assistant Professor with inter- 
ests in Teaching, Clinical Practice, and 
Research. Excellent opportunity for board 
eligible/board certified physician in an in- 
stitution dedicated to the philo pees of 
Whole Person Medicine. Rank an 
commensurate with qualifications and ne- 
gotiable. Send CV and names of three ref- 


erences to Larry D. Edwards, MD, Dean, 
Oral Roberts University, Schoo! of Medi- 
cine, City of Faith Medical & Research Cen- 
ter, 8181 South Lewis, Tulsa, OK 74137. 


ANESTHESIOLOGIST 

190-bed hospital adding ambulatory care unit 
seeks a board certified anesthesiologist. Ap- 
proximately 3000 cases per year. Four 
CRNA’s. North Carolina town of 17,000 with 
service area approximately 80,000. Excellent 
opportunity for someone who wants to di- 
rect his own department. Reply to Admin- 
istrator, Halifax Memorial Hospital, Roa- 
noke Rapids, NC 27870. 


ANNOUNCEMENT 
Jefferson Medical College presents ‘Pre- 
operative Consultation: The Surgical Pa- 


tient with Medical Problems” on May 1-3, 


1985 from 8:00 a.m. to 4:30 p.m. at the Phil- 
adelphia Hershey Hotel. For information, 
call Continuing Medical Education (215) 
928-6992. 


ANESTHESIOLOGIST—PAIN DIRECTOR 
National Anesthesiology Group has im- 
mediate opening for Director of Pain Clin- 
ics. Board certified and/or 3rd year pain fel- 
lowship. 4-5 years experience preferred. 
Excellent benefits and compensation pack- 
age. Reply to Box B4, Anesthesia and Anal- 
gesia, Desk Editorial, Elsevier Science Pub- 
lishing Co, Inc, 52 Vanderbilt Avenue, New 
York, NY 10017. 


BAYLOR ANESTHESIA REVIEW— 1985 
March 8-9, 1985. The Department of Anes- 
thesiology, Baylor College of Medicine, 
Houston, Texas, will conduct an intensive 
two-day review course examining in depth 
the clinical practice of anesthesiology with 
emphasis on its scientific basis. The entire 
field of anesthesiology will be covered using 
simulated case histories and multiple choice 
questions to provide a comprehensive re- 
view to candidates for examination using 
the key word concept. For further infor- 
mation contact: Lila K. Lerner, Office of 
Continuing Education, Baylor Speen of 
Medicine, Houston, TX 77030. (713) 799-6020 


TUTORIALS 


WRITTEN AND ORAL 
EXAMINATIONS FOR 
AMERICAN BOARD OF 
ANESTHESIOLOGY 


San Francisco, Hawall and New York 


è Small group Sessions 
e Basic sclence emphasis 


Include telephone number in response 


Write to: 


Box ANA 2/4 83/A 
Elsevier Science Publishing Co., Inc. 
c/o Anesthesia and Analgesia 
Desk Editorial 
52 Vanderbilt Avenue 
New York, NY 10017 


EEG MONITORING 
IN ANESTHESIA © 
AND CRITICAL CARE 


STATE OF THE ART:1985 
Course Director: Betty L. Grundy, M.D. 


March 8-10, 1985 
Adam’s Mark Hotel 
Houston, Texas 


immediately precedi Lab annual meeting of the 
International Anesthesia Research Society 


ulshed faculty will present this seminar eg the ara a ee 
date E E ss sls techniques nterpretation. Particip 
nto small ail grouns oa move personal, hands-on approach to 
sea the various com Bape devices. 
Course tultion for A s $225 ($250 after Bak 22, 1985;) 
$150 for reskłents FWA ($175 after February 22, 198 e a 
for students and EEG oe ($125 after February 22 is 


approved for Na toward the Physician's lis 
lor Award ot of the American ical Association. 


For complete information contact 

Carolyn Schoenau, Executive Secreta ope 
Anesthesio Alumni Association of Florkda, Inc. 
P.O. Box 1 


Gainesville, FL 32604 
(904) 392-4616 


Co-sponsored by 
Hogs heroes Under Association of Florida, Inc. 
International Anesthesia Research Society 








NITROUS OXIDE/N.O 


Editor: Edmond I. Eger Il, M.D., Professor and Vice Chairman for Research, Department of 


Anesthesia, University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N,O is a complete resource on the subject. 
it describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N,O are 
reviewed by means of: 
m thorough discussion of N,O pharmacology and 
distribution 
m detailed summary of known side effects and toxicity 
a practical guidelines for avoiding and managing 
these effects 


Finally, the case for administering this anesthetic is care- 


fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N,0 is a controversial work that 
everyone using the drug will want to read. 


Order from your usual supplier or 
Elsevier Science Publishing Co., Inc. 
PO. Box 1663, Grand Central Station, New York, NY 10163 


Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics, Chemistry, and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
Inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity, and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide. Epilogue. Index. 


1984 416pages 0-444-00860-8 cloth $37.50 
(Distributed outside the U.S.A. and Canada by Edward Arnold Ltd., London.) 


ELSEVIER 


Note: Price subject to change without notice. 


In NY State please add applicable sales tax. FB 248 


Elsevier Introduces 


Men and Women Who Paved the Way for 
Modern-Day Neurosurgeons — 





The pioneers of neurological surgery were more than ordi- 
nary men and women: they were risk-takers of great deter- 
mination and strength with universal human weaknesses. 
Their successes and failures constitute the history of neu- 
rological surgery. 

Neurosurgical Giants: Feet of Clay and Iron presents the 
biographies of the extraordinary men and women who ad- 
vanced the scope and integrity of neurological surgery from 
its beginning in 1879 to the present. 


The imagination, courage, and foibles are here in the life 
stories of more than sixty of this field’s outstanding pioneers. 
Almost all of the surgeons mentioned were known to the 
editor, who includes some of his own pithy comments. 


For students of neurology and neuroscience, and neuro- 
surgeons interested in the backgrounds and characters of 
the men and women who shaped their specialty. this publica- 
tion is an excellent. informative. and unique source. 


1984 461 pages 0-444-009396 cloth $65.00 
(Dfl. 210.00 outside North America) 


Order from your usual supplier or In North America: 


Elsevier Science Publishing Co.. Inc., PO. Box 1663. 
Grand Central Station, New York. NY 10163 


in the rest of the world: 
Elsevier Science Publishers, PO. Box 211, 1000 AE 
Amsterdam, The Netherlands 


Note: Price subject to change without notice. In NY State. 
please add applicable sales tax. 
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Before prescribing please consult complete prescribing infor- 
mation, of which the following is a brief summary. 


DESCRIPTION: 
2 ml. and 5 ml. ampoules 
Each ml. contains: 


BLIVEGIOD- gr, aao aaa tere aa Aa nA 2.5 mg. 
Lactic acid for pH adjustment to 3.4 + 0.4 
10 mi. vials 
Each mi. contains: 
ETIO OI 9 05.2 ka otc ata AE ES EAE EE AEN- 2.5 mg. 


With 1.8 mg. methylparaben and 0.2 mg. propylparaben, 
and lactic acid for pH adjustment to 3.4 + 0.4. 
Protect from light. Store at room temperature. 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Droperidol is a neuroleptic (tranquilizer) agent. 


INDICATIONS: INAPSINE (droperidol) is indicated: 

to produce tranquilization and to reduce the incidence of 
nausea and vomiting in surgical and diagnostic procedures; 
for premedication, induction, and as an adjunct in the mainte- 
nance of general and regional anesthesia: 

in neuroleptanalgesia in which INAPSINE (droperidol) is given 
concurrently with a narcotic analgesic, such as SUBLIMAZE® 
(fentanyl) injection, to aid in producing tranquility and 
decreasing anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 
in patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO MAN- 
AGE HYPOTENSION SHOULD BE READILY AVAILABLE. As with 
other CNS depressant drugs, patients who have received 








INAPSINE (droperidol) should have appropriate surveillance. 

If INAPSINE (droperidol) is administered with a narcotic 
analgesic such as SUBLIMAZE (fentanyl), the user should 
familiarize himself with the special properties of each drug, 
particularly the widely differing durations of action. In addi- 
tion, when such a combination is used, resuscitative equip- 
ment and a narcotic antagonist should be readily available to 
manage apnea. See package insert for fentanyl before using. 
Narcotic analgesics such as SUBLIMAZE (fentanyl) may cause 
muscle rigidity, particularly involving the muscles of respir- 
ation. This effect is related to the speed of injection. Its incidence 
can be reduced by the use of slow intravenous injection. 
Once this effect occurs, it is managed by the use of assisted 
or controlled respiration and, if necessary, by a neuromus- 
cular blocking agent compatible with the patient's condition. 

The respiratory depressant effect of narcotics persists 
longer than their measured analgesic effect. When used with 
INAPSINE (droperidol), the total dose of all narcotic analge- 
sics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from 
anesthesia. It is recommended that narcotics, when required, 
be used initially in reduced doses as low as % to ‘3 those 
usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly, debilitated and other 
poor-risk patients. The effect of the initial dose should be 
considered in determining incremental doses. Certain forms 
of conduction anesthesia, such as spinal anesthesia and 
some peridural anesthetics, can cause peripheral vasodilata- 
tion and hypotension because of sympathetic blockade. 
Through other mechanisms, INAPSINE (droperidol) can also 
alter circulation. Therefore, when INAPSINE (droperidol) is 
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used to supplement these forms of anesthesia, the anesthe- 
tist should be familiar with the physiological alterations 
involved, and be prepared to manage them in the patients 
selected for this form of anesthesia. 

lf hypotension occurs, the possibility of hypovolemia 
should be considered and managed with appropriate paren- 
teral fluid therapy. Repositioning the patient to improve 
venous return to the heart should also be considered when 
operative conditions permit. It should be noted that in spinal 
and peridural anesthesia, tilting the patiert into a head down: 
position may result in a higher level of anesthesia than is 
desirable, as well as impair venous return to the heart. Care 
should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. If vol- 
ume expansion with fluids plus other courtermeasures do no 
correct the hypotension, then the administration of pressor 
agents other than epinephrine should be considered. Epineph 
rine may paradoxically decrease the blooc pressure in 
patients treated with INAPSINE (droperido!) due to the alpha- 
adrenergic blocking action of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arte 
rial pressure, this fact should be considered by those who 
conduct diagnostic or surgical procedures where interpreta- 
tion of pulmonary arterial pressure measurements might 
determine final management of the patien:. Vital signs shouf 
be monitored routinely. 

Other CNS depressant drugs (e.g. barbi-urates, tranquiliz- 
ers, narcotics, and general anesthetics) have additive or 
potentiating effects with INAPSINE (droperidol). When 
patients have received such drugs, the dose of INAPSINE 
(droperidol) required will be less than usual. Likewise, follow 
ing the administration of INAPSINE (droperidol), the dose of 
other CNS depressant drugs should be recuced. 
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INAPSINE (droperidol) should be administered with caution 
to patients with liver and kicney dysfunction because of the 
importance of these organs n the metabolism and excretion 
of drugs. 

When the EEG is used for postoperative monitoring, it may 
be found that the EEG pattern returns to normal Slowly. 

Since INAPSINE (droperidol) is frequently used with the 
narcotic analgesic SUBLIMAZE (fentanyl), it should be noted 
that fentanyl may produce bradycardia, which may be treated 
with atropine; however, fentany! should be used with caution 
in patients with cardiac bradyarrhythmias.* 


ADVERSE REACTIONS: The most common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to mod- 
erate hypotension and occasionally tachycardia, but these 
effects usually subside without treatment. If hypotension 
occurs and is severe or persists, the possibility of hypovole- 
mia should be considered and managed with appropriate 
parenteral fluid therapy. Postoperative drowsiness is also fre- 
quently reported. 

Extrapyramidal symptoms (dystonia, akathisia. and oculo- 
gyric crisis) have been observed following administration of 
INAPSINE (droperidol). Restlessness, hyperactivity, and anxi- 
ety which can be either the result of inadequate dosage of 
INAPSINE (droperidol) or a part of the symptom complex of 
akathisia may occur. When extrapyramidal symptoms occur, 
they can usually be controlled with anti-parkinson agents. 

Other adverse reactions that have been reported are dizzi- 
ness, chills and/or shivering, laryngospasm, bronchospasm 
and postoperative hallucinatory episodes (sometimes asso- 
ciated with transient periods of mental depression). 

When INAPSINE (droperido!) is used with a narcotic anal- 
gesic such as SUBLIMAZE (fentanyl), respiratory depression, 
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apnea, and muscular rigidity can occur: if these remain 
untreated respiratory arrest could occur. 

Elevated blood pressure, with or without preexisting 
hypertension, has been reported following administration of 
INAPSINE (droperidol) combined with SUBLIMAZE (fentanyl) 
or other parenteral analgesics. This might be due to unex- 
plained alterations in sympathetic activity following large 
doses; however, it is also frequently attributed to anesthetic 
or Surgical stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION: Dosage should be individual- 
ized. Some of the factors to be considered in determining the 
dose are age, body weight, physical status, underlying patho- 
logical condition, use of other drugs, type of anesthesia to be 
used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 


Usual Adult Dosage 

|. Premedication—(to be appropriately modified in the elderly, 
debilitated, and those who have received other depressant 
drugs) 2.5 to 10 mg. (1 to 4 ml.) may be administered 
intramuscularly 30 to 60 minutes preoperatively. 

ll. Adjunct to General Anesthesia 
Induction—2.5 mg. (1 ml.) per 20 to 25 pounds may be 
administered (usually intravenously) along with an analge- 
Sic and/or general anesthetic. Smaller doses may be ade- 
quate. The total amount of INAPSINE (droperidol) 
administered should be titrated to obtain the desired effect 
based on the individual patient's response. 
Maintenance—1.25 to 2.5 mg. (0.5 to 1 ml.) usually intra- 
venously (see warning regarding use with concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 
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If INNOVAR® injection is administered in addition to 
INAPSINE (droperidol), the calculation of the recommended 
dose of INAPSINE (droperidol) should include the droperi- 
dol contained in the INNOVAR injection. See INNOVAR 
injection Package Insert for full prescribing information. 

. Use Without A General Anesthetic In Diagnostic Proce- 
dures—Administer the usual I.M. premedication 2.5 to 10 
mg. (1 to 4 ml.) 30 to 60 minutes before the procedure. 
Additional 1.25 to 2.5 mg. (0.5 to 1 ml.) amounts of 
INAPSINE (droperidol) may be administered. usually intrave- 
nously (see warning regarding use with concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain 
procedures, such as bronchoscopy, appropriate topical 
anesthesia is still necessary. 

IV. Adjunct to Regional Anesthesia—2.5 to 5 mg. (1 to 2 ml.) 

may be administered intramuscularly or slowly intrave- 

nously when additional sedation is required. 
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How Supplied: 2 ml. and 5 mi. ampoules—packages of 10: 

10 ml. multiple-dose vials—packages of 10. 

U.S. Patent No. 3,161,645 

NDC 50458-010-02; NDC 50458-010-05: NDC 50458-010-10 
March 1980, Revised June 1980 

“See full prescribing information for complete description. 
© Janssen Pharmaceutica Inc. 1983 
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In neuromuscular blockade... 


losest to the ideal: 


Free of clinically 
% of control significant 
cardiovascular effects 


NORCURON is the only surgical 
muscle relaxant for which no clinically 
significant adverse cardiovascular 
effects have been observed in clini- 
cal trials.'° This makes NORCURON 
unique among all neuromuscular 
blocking agents in clinical use.‘ 











Adapted from Morris, R.B., et al., Anesthesiology 1983, 58:438 


2 5 10 
MINUTES AFTER ADMINISTRATION 


The Effect of Non-depolarizing Muscle Relaxants Histamine release 
on Histamine Levels, Mean Arterial Pressure and Heart Rate’ unlikely to occur 


Percent of Control Histamine release has not been 
observed with NORCURON...as shown 


Drug Dose xED,, Histamine Mean Arterial Heart “apie aa 
(mg/kg) Prossutè Rate by preliminary clinical experience. In 
doses up to 3.5 times the ED... it causes 
i no increase in circulating histamine 
ROGO- M9 pe 19 "9 nor does it decrease systemic blood 
metocurine 0.5 79 119 pressure.’ 
atracurium 0.6 192 80 108 l 
l Hypotension and tachycardia tend to occur when 
vecuronium 0.1 99 histamine levels are increased to about 200% 
vecuronium 0.2 3. 87 99 wa j Sm 
The Neuromuscular Effects of Maintenance Doses No cl inically 
of Vecuronium, Atracurium and Pancuronium ©’ significant 
cumulative 
effects seen 
E With NORCURON cumulative 
E effects are not seen in clinical 
5 | practice. The interval between 
k Pancuronium 0.02 mg/kg repeated doses has been found to 
A remain constant between as 
50 Atracurium 0.08 mg/kg many as six to ten repeated 
$e administrations.®’ 


Vecuronium 0.015 mg/kg 
1 2 6 F 
Number of Doses of Muscle Relaxant 








NORCURON 


(vecuronium bromide for injection) 


Safety Index and Comparative Safety Ratios‘ 


Safety Index = ED., autonomic inhibition 


ED,, neuromuscular blockade 


Comparative Safety Ratios 


For Vagolytic Effects For CV/Histamine Related Effects 


gallamine tel d-tubocurarine 1:1 
pancuronium 3:1 metocurine eA 
atracurium 25-30:1 atracurium 3:1 
vecuronium 60:1 vecuronium x 


*cannot be calculated since it does not cause any CV 
or histamine related effects 





Onset of Action — 






Cardiovascular 
Side Effects 


4 
Duration of Action + + 
Cumulative Effects + 
Rate of Recovery + 
Reversibility 


Non-depolarizing 
Metabolite Activity 


“Currently under evaluation. 








A Comparison of Surgical Muscle Relaxants vs. The Ideal4 
(“ +" signifies proximity to the ideal) 


Characteristic Vecuronium Atracurium Pancuronium Succinyicholine D-tubocurarine 


Histamine Release + + 


+ 
Potency + + + 
+ 
+ 


Outstanding 
safety profile 


The Safety Index helps quantify the im- 
proved safety of the newer muscle relax- 
ants on arelative basis. The characteristics 
of cardiovascular effects and histamine 
release are areas where the new agents, 
particularly NORCURON, have made the 
most significant gains.* 


The Safety Index is described as the ED. 
for autonomic inhibition over the ED.. for 
neuromuscular blockade.’ 
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(vecuronium bromide for injection) 
Closest to 
the ideal 


Of the newer short- to intermediate-acting drugs, 
NORCURON has the most ideal profile, 
specifically attributable to its outstanding safety 
features relating to cardiovascular side effects and 
histamine-releasing properties.‘ 


Al 


1. Durant NN: Norcuron®—A new non-depolarizing neuromuscular blocking agent. Semin Anesth 
1:47-56, 1982. 2. Morris RB; Cahalan MK, Miller RD, et al: Cardiovascular effects of vecuronium (ORG 
NC45) and pancuronium in patients undergoing coronary artery bypass grafting. Anesthesiology 
58:438-440, 1983. 3. Krieg N, Crul JF, Booij LH: Relative potency of ORG NC45, pancuronium, alcuro- 
nium, and tubocurarine in anaesthetized man. Br J Anesth 52:783-787, 1980. 4. Miller RD (ed): Inno- 
vations in Surgical Muscle Relaxants. Far Hills, NJ, Gardiner-Caldwell Synermed, 1984. 5. Basta SA, 
Savarese JJ: Comparative histamine-releasing properties of vecuronium, atracurium, tubocurarine 
and metocurine, in Agoston S, et al (eds): Clinical Experiences with Norcuron (ORG NC45, vecuro- 
nium bromide). Amsterdam, Excerpta Medica, 1983, p. 183. 6. Foldes FF, et al: Muscular relaxation 
with atracurium, vecuronium and Duodor under balanced anaesthesia. Br J Anaesth 55 (suppl. 1): 
97S, 1983. 7. Fahey MR, Morris RB, Miller RD, et al: Clinical pharmacology of ORG NC45 (Norucon®): 
a new non-depolarizing muscle relaxant. Anesthesiology 55:6, 1981. 8. Clinical Courier, Vol. 2, No. 4. 


see NORCURON® (NC-45) 


Vecuronium Bromide for Injection 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON™ (vecuronium bromide for injection) is a nondepolarizing neuromuscular blocking 
agent of intermediate duration, chemically designated as piperidinium, 1-[(2B, 3a, 5a, 16, 178)-3, 17-bis (ace- 
tyloxy)-2-(1- piperidinyl) androstan-16-yl]-1-methyl-, bromide. The structural formula is 


p 7 b 
aa | 


Norcuron* is supplied as a sterile freeze-dried buffered cake of very fine microscopic crystalline particles for intra- 
venous injection only. Following reconstitution with solvent (water for injection) the resultant solution is isotonic 
and has a pH of 4. Each 5 ml vial contains 10 mg vecuronium bromide. Each vial also contains citric acid. dibasic 
— phosphate, sodium hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol to make iso- 
onic. 


CLINICAL PHARMACOLOGY: Norcuron® (vecuronium bromide for injection) is a nondepolarizing neuromuscular 
blocking agent possessing all of the characteristic pharmacological actions of this class of drugs (curariform). It 
acts by competing for cholinergic receptors at the motor end-plate. The antagonism to acetylcholine is inhibited 
and neuromuscular block is reversed by acetyicholinesterase inhibitors such as neostigmine. edrophonium, and 
pyridostigmine. Norcuron* is about 1/3 more potent than pancuronium; the duration of neuromuscular blockade 
produced by Norcuron™ is shorter than that of pancuronium at initially equipotent doses The time to onset of 
paralysis decreases and the duration of maximum effect increases with increasing Norcuron doses. The use of a 
peripheral nerve stimulator is of benefit in assessing the degree of muscular relaxation 


The EDgg (dose pbb to produce 90% suppression of the muscle twitch response with balanced anesthesia 
has averaged 0.057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron® dose of 0.08 to 0.1 
mg/kg generally produces first depression of twitch in approximately 1 minute, good or excellent intubation condi- 
tions within 2.5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most 
patients. Under balanced anesthesia, the time to recovery to 25% of control (clinical duration) is approximately 25 
to 40 minutes after injection and recovery is usually 95% complete approximately 45-65 minutes after injection of 
intubating dose. The neuromuscular blocking action of Norcuron* is slightly enhanced in the presence of potent 
inhalation anesthetics. If Norcuron® is first administered more than 5 minutes after the start of the inhalation of 
enflurane, isoflurane, or halothane, or when steady state has been achieved, the intubating dose of Norcuron* 
(vecuronium bromide for injection) may be decreased by approximately 15% (see Dosage and Administration Sec- 
tion). Prior administration of succinylcholine may enhance the neuromuscular blocking effect of Norcuron® and 
its duration of action. With succinylcholine as the intubating agent. initial doses of 0.04-0.06 mg/kg of Norcuron* 
will produce complete neuromuscular block with clinical duration of action of 25-30 minutes If succinylcholine is 
used prior to Norcuron®, the administration of Norcuron® should be delayed until the patient starts recovering 
from succinylcholine-induced neuromuscular blockade. The effect of prior use of other nondepolarizing neuro- 
muscular blocking agents on the activity of Norcuron® has not been studied (see Drug Interactions) 


Repeated administration of maintenance doses of Norcuron™ has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore, repeat doses can be administered at relatively regular intervals with predict- 
able results. After an initial dose of 0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose 
(suggested maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 to 40 minutes: subsequent 
maintenance doses. if required, may be administered at approximately 12 to 15 minute intervals. Halothane anes- 
thesia increases the clinical duration of the maintenance dose only slightly. Under enflurane a maintenance dose of 
0.010 mg/kg is approximately equal to a 0.015 mg/kg dose under balanced anesthesia. 


The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 
anesthesia. When recovery from Norcuron* neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started the neuromuscular block produced by Nor- 
curon” (vecuronium bromide for injection) is readily reversed with various anticholinesterase agents, e.g. pyri- 
dostigmine, neostigmine, or edrophonium in conjunction with an anticholinergic agent such as atropine or 
glycopyrrolate. There have been no reports of recurarization following satisfactory reversal of Norcuron* induced 
neuromuscular blockade; rapid recovery is a finding consistent with its short elimination half-life 


Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg, 60-80% of Norcuron® is usually bound to plasma pro- 
tein. The distribution half-life following a single intravenous dose (range 0.025-0.280 mg/kg) is approximately 4 
minutes. Elimination half-life over this same dosage range is approximately 65-75 minutes in healthy surgical 
patients and in renal failure patients undergoing transplant surgery. In late pregnancy, elimination half-life may be 
shortened to approximately 35-40 minutes. The volume of distribution at steady state is approximately 300-400 
ml/kg: systemic rate of clearance is approximately 3-4 5 ml/minute/kg. In man, urine recovery of Norcuron® 
varies from 3-35% within 24 hours. Data derived from patients requiring insertion of a T-tube in the common bile 
duct suggests that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only 
unchanged Norcuron® has been detected in human plasma following clinical use. One metabolite. 3-deacety! 
vecuronium, has been recovered in the urine of some patients in quantities that account for up to 10% ot the 
eee dose; 3-deacetyl vecuronium has also been recovered by T-tube in some patients accounting for up to 
25% of the injected dose 


This metabolite has been judged by anima! screening (dogs and cats) to have 50% or more of the potency of Nor- 
curon™ (vecuronium bromide for injection); equipotent doses are of approximately the same duration as Nor- 
curon* in dogs and cats. Biliary excretion accounts for about half of the dose of Norcuron® within 7 hours in the 
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from Norcuron®*. Limited data 
derived from the patients with cirrhosis or cholestasis suggests that some measurements of recovery may be 
doubled in such patients. In patients with renal failure, measurements of recovery do not differ significantly from 
similar measurements in healthy patients. 


Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce clini- 
cally significant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar Hcl 
remained unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dose of 0.28 
mg/kg administered during a period of no stimulation, while patients were aeng prepared for coronary artery 
bypass grafting, was not associated with alterations in rate-pressure-product or pulmonary-capillary-wedge pres- 
sure. Systemic vascular resistance was lowered slightly and cardiac output was increased insignificantly. (The 
drug has not been studied in patients with hemodynamic dysfunction secondary to cardiac valvular disease ) Limi- 
ted clinical experience (3 patients) with use of Norcuron® during surgery for pheochromocytoma has shown that 
administration of this drug is not associated with changes in blood pressure or heart rate. 


Unlike other nondepolarizing skeletal muscle relaxants, Norcuron® (vecuronium bromide for injection) has no 
Clinically significant effects on hemodynamic parameters and will not counteract those hemodynamic changes or 
known side effects produced by or associated with anesthetic agents. 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients indi- 
cate that hypersensitivity reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and 
other reactions commonly associated with histamine release are unlikely to occur. 


INDICATIONS AND USAGE: Norcuron™ is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation 


CONTRAINDICATIONS: None known. 


WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS 
ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. In 
‘pee who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) syndrome, small doses of 

orcuron* may have profound effects. In such patients, a peripheral nerve stimulator and use of a small test dose 
may be of value in monitoring the response to administration of muscle relaxants. 


PRECAUTIONS: l 

Renal Failure: Norcuron® (vecuronium bromide for injection) is well-tolerated without clinically significant pro- 
longation of neuromuscular blocking effect in patients with renal failure who have been optimally prepared for sur- 
gery by dialysis. Under i conditions in anephric patients some prolongation of neuromuscular blockade 
may occur: therefore, if anephric patients cannot be prepared for non-elective surgery, a lower initial dose of Nor- 
curon* should be considered. 

Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease. old age, or 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time: therefore 
dosage should not be increased. 

Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery 
time in keeping with the role the liver plays in recovery from Norcuron* metabolism and excretion (see Pharmaco- 
kinetics). Data currently available do not permit dosage recommendations in patients with impaired liver function. 


UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING 
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way and/or ventilatory problems requiring special care before, during and after the use of neuromuscular blocking 
agents such as Norcuron® (vecuronium bromide for injection). 


Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a 
potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived from screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of trig- 
gering malignant hyperthermia 


Norcuron* has no known effect on consciousness. the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia 


Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of Nor- 
curon* and its duration of action. If succinylcholine is used before Norcuron”, the administration of Norcuron® 
should be delayed until the cay poate effect shows signs of wearing off. With succinyicholine as the intubat- 
ing agent, initial doses of 0.04-0.06 mg/kg of Norcuron* may be administered to produce complete neuromuscu- 
lar block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY) 


The use of Norcuron®* (vecuronium bromide for injection) before succinyicholine, in order to attenuate some of the 
side effects of succinyicholine, has not been sufficiently studied. Other nondepolarizing neuromuscular blocking 
agents (pancuronium. d-tubocurarine, metocurine, and gallamine) act in the same fashion as does Norcuron®: 
therefore these drugs and Norcuron® may manifest an additive effect when used together There are insufficient 
data to support concomitant use of Norcuron® and other competitive muscle relaxants in the same patient 


inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with 
dives a will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and 
isoflurane 


With the above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inha- 
lational anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equili- 
brium (see CLINICAL PHARMACOLOGY) 


Antibiotics: Parenteral intraperitoneal administration of high doses of certain antibiotics may intensify or produce 
a neuromuscular block on their own. The following antibiotics have been associated with various degrees of paral- 
ysis. aminoglycosides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin): 
tetracyclines: bacitracin; polymyxin B; colistin; and sodium colistimethate. If these or other newly introduced anti- 
biotics are used in conjunction with Norcuron® (vecuronium bromide for injection) during surgery, unexpected 
prolongation of neuromuscular block should be considered a possibility 


Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests 
that recurrent paralysis may occur. This possibility must also be considered for Norcuron*. Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals 
(cat) Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insuffi- 
ciency, have been shown to alter neuromuscular blockade. Depending on the nature of the imbalance. either 
enhancement or inhibition may be expected. Magnesium salts, administered for the management of toxemia of 
pregnancy, may enhance neuromuscular blockade 


Drug laboratory test interactions: None known 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to 
evaluate Carcinogenic or mutagenic potential or impairment of fertility 


Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It is 
also not known whether Norcuron® can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Norcuron® should be given to a pregnant woman only if clearly needed 


Pediatric Use: Infants under 1 year of m but older than 7 weeks, also tested under halothane anesthesia, are 
moderately more sensitive to Norcuron* (vecuronium bromide for injection) on a mg kg basıs than adults and take 
about 11/2 times as long to recover. Information presently available does not permit recommendations for usage in 
neonates 


ADVERSE REACTIONS: Norcuron* was well-tolerated and produced no adverse reactions during extensive clinical 
trials The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of 
the drug s pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from 
Skeletal muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insuffi- 
ciency or apnea 


Inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron® as with 
all curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery Is 
judged adequate. Little or no increase in intensity of blockade or duration of action of Norcuron* is noted from the 
use of thiobarbiturates, narcotic analgesics, nitrous oxide, or droperidol. See OVERDOSAGE for discussion of 
other drugs used in anesthetic practice which also cause respiratory depression 


OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdo- 
Sage can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. Excessive 
doses of Norcuron* (vecuronium bromide for injection) can be expected to produce enhanced pharmacological 
effects Residual neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur 
with Norcuron* as with other neuromuscular blockers. This may be manifested by skeletal muscle weakness, 
decreased respiratory reserve, low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade and help to differentiate residual neuromuscular blockade from other 
Causes of decreased respiratory reserve. Respiratory depression may be due either wholly or in part to other drugs 
used during the conduct of general anesthesia such as narcotics, thiobarbiturates and other central nervous sys- 
tem depressants. Under such circumstances the primary treatment is maintenance of a patent airway and manual 
or mechanical ventilation until complete recovery of normal respiration is assured. Regonol* it pbs ot 
bromide injection), neostigmine, or edrophonium, in conjunction with atropine or glycopyrrolate will usually anta- 
gonize the skeletal muscle relaxant action of Norcuron*. Satisfactory reversal can be judged by adequacy of skele- 
tal muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also be used to monitor 
restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of extreme 
debilitation, carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents 
and other drugs which enhance neuromuscular blockade or cause respiratory depression of their own. Under such 
circumstances the management is the same as that of prolonged neuromuscular blockade. Ventilation must be 
supported by artificial means until the patient has resumed control of his respiration. Prior to the use of reversal 
agents, reference should be made to the specific package insert of the reversal agent. 


DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide for injection) is for intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians familiar with the use of neuro- 
muscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only, 
especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile anesthetics and by prior 
use of succinylicholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior to administration, whenever solution and container permit 


To obtain the maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the moni- 
toring of muscle twitch response to peripheral nerve stimulation is advised 


The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDgg) given as an intra- 
venous bolus injection. This dose can be expected to produce good or excellent non-emergency intubation condi- 
tions in 2.5 to 3.0 minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 2$-sU minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. In the presence of 
potent inhalation anesthetics, the neuromuscular blocking effect of Norcuron” (vecuronium bromide for injection) 
is enhanced. If Norcuron® is first administered more than 5 minutes after the start of inhalation agent or when 
en State has been achieved, the initial Norcuron® dose may be reduced by approximately 15%, i.e., 0.060 to 
85 mg/kg 


Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron*. If intubation is performed using succinylcholine, a reduction of initial dose of Norcuren™ to 0.04-0.06 
mg kg with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required 


During prolonged surgical procedures. maintenance doses of 0.010 to 0.015 mg kg of Norcuron® are recom- 
mended: after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 
minutes. However, clinical criteria should be used to determine the need for maintenance doses. Since Norcuron* 
lacks clinically important cumulative effects, subsequent maintenance doses, if required, may be administered at 
relatively regular intervals for each patient, h approximately from 12 to 15 minutes under balanced anesthe- 
sia, slightly longer under inhalation agents. (If less frequent administration is desired, higher maintenance doses 
may be administered.) 


Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg 
kg up to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the 
Cardiovascular system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACO- 
LOGY) 


Dosage in children: Older children (10 to 17 years of age) have approximately the same dosage requirements (mg) 
kg) as adults and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly 
higher initial dose and may also require supplementation slightly more often than adults. Infants under one year of 
age but older than 7 weeks are moderately more sensitive to Norcuron®” (vecuronium bromide for injection) on a 
mg kg basis than adults and take about 11/2 times as long to recover See also sub-section of PRECAUTIONS titled 
Spi use. Information presently available does not permit recommendation on usage in neonates (see PRE- 
CAUTIONS) 


COMPATIBILITY: Norcuron® is compatible in solution with 
0.9% NaCl solution 5% glucose in saline 
5% glucose in water Lactated Ringers 


HOW SUPPLIED: 5 mi vials (contains 10 it of active ingredient) and 5 ml ampul of preservative-free sterile water 
for injection as the diluent. Boxes of 12. NDC 0052-0442-10 


STORAGE: PROTECT FROM LIGHT Store at 15°-30°C (59°-86°F) 


AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
(86°F) DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. 


SINGLE USE VIALS— Manufactured for ORGANON INC. By BEN VENUE LABORATORIES. INC. , Bedford, Ohio 44146 
ORGANON PHARMACEUTICALS. a Division of 
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Premedication with Ativan” (lorazepam) Injection 

may weli be the most logical choice for longer 

Surgical procedures where extended sedation 

and/or lack of recall are especially desirable. 


A single injection of Ativan Injection provides 
ependable sedation for 6-8 hours. When surger 
runs longer than anticipated, or unexpected delays 

occur, repeated injections may not be required. 
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Administered as recommended, Ativan Injection allays 
preoperative apprehension, relieves anxiety, leaves 
patients calm but cooperative and diminishes recall 
of events Surrounding surgery. There is little, if any, 

IV irritation at proper dilution, and only minimal effects 
on blood pressure, pulse or respiratory rate. 


The dosage of Ativan” (lorazepam) Injection s 
be individualized for each patient. For those in 
whom reduced recall and excellent sedation are desired, 
doses of 0.05 mg/kg up to a maximum of 4 mg should 

be administered. For patients in whom lack of 
recall is not desired, and for the eld 
debilitated, the dose should be red 
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Wyeth Laboratories 


Prhiladeiphia, PA 19101 
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ATIVAN (LORAZEPAM) Œ 





DESCRIPTION: Ativan” Gorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
tor IM or IV use. It has the chemical formuta 7-chioro-5-(o-chiorophenyl}-1,3-dihydra-3-hydraxy-2#-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mq lorazepam, 0.18 m! polyethylene glycol 400 in propylene glyco! with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: iV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance ot being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethy! alco- 
hoi and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV torazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does net enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge} as tong as patients remain suffi- 
cientiy awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS) 

Ciinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses af 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg iM 
lorazepam and four (4) hours following 2 mg iM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness}, retief of anxiety, and decreased ability to recall events related to day of surgery. Most usetul in patients anx- 
ious about Surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl aicohol) or acute narrow angle glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gani- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION: THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports forazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in miid to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery of motor vehicles or engage in hazardous occupations for 24 to 48 hours. impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical triais showed patients over 50 may have more profound and prolonged sedation with 
IV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
al! CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
int injury from failing. There is no added beneficial effect from adding scopolamine to injectable lorazepam: their 
combined eftect may result in increased incidence ot sedation, hallucination and irrational behavior. 
Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
matformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate} during first trimester of 
pregnancy was suggested in several studies. in humans. blood levels from umbilical cord biood indicate placental 
transfer of iorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies pertormed in 
mice, rats, and two strains af rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At deses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 
Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures. therefore adequate topical 
of regional anesthesia is recommended to minimize reflex activity associated with such procedures. 
PRECAUTIONS: Generat: Bear in mind additive CNS effects of other drugs. e.g. phenothiazines, narcotic anaige- 
sits, barbiturates, antidepressants, scopolamine and MAQ inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very iH patients, or those with limited pulmonary reserve, 
because of possible underventiation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. {See WARNINGS and DOSAGE and ADMINISTRATION. } When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS} 


information for Patients: As appropriate. inform patients ot pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours). so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given wilh injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sieepiness of drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in generat. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than $ to 8 hours after surgery. 

Laboratory Tests: in clinical triais no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection, Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol uric acid, BUN. glucose. calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines. barbiturates, MAD inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/ Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquili7ing agents. 


INJECTION IM oNV 


cinogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
ss and mice panne aE an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp.antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 
Pregnancy: Pregnancy Category D. See WARNINGS section. 
Labor and Delivery: There are insufficient data tor lorazepam injection in labor and delivery, including cesarean 
section: therefore, this use is hot recommended. 
Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 
Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 
ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug’s 
CNS depressant effects. incidence varied from one study to another, depending on dosage, route. use of other CNS 
depressants, and investigator $ opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
accasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/ 1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
seli-timiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some torm of inappropriate behavior (latter seen most commonty when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions, Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
forazepam, similar to experience with other benzodiazepines. 
Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
Same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% stil complained of pain. Redness did not occur immedi- 
ately post iV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 
Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 
Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation, Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 
Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 
DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, iorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy: in more 
serious Cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and ftuid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations. renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that iV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium), however, hazards associated with 
physostigmine {i.e., induction of seizures) should be weighed against possible clinical benefit. 
DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
orador contains a precipitate. 
intramuscular Injection: For designated indications as premedicant. usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with alt premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM torazepam in patients under 18 years; therefore, 
such use is not recommended. 
intravenous injection: For the primary purpose of sedation and relief of anxiety, usuai recommended initial IV 
dose of lorazepam is 2 mg total. or 0.02 mg/tb (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. in patients in whom greater Hkeli- 
hood of tack of recall for perioperative events would be beneficial, jarger doses—as high as 0.05 mg/kg up to tota! 
of 4 mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS. } 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect, 
measured as lack of recall IY lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
TV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
iV lorazepam in patients under 18 years; therefore, such use is not recommended. 
Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monty used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When property diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for injection, USP, Sodium Chioride injection, USP, 5% Dex- 
trose injection, USP 
HOW SUPPLIED: Ativan” (lorazepam) injection, Wyeth. is available in multipie-dose viais and in TUBEX® Sterile 
Cartridge-Needie Units. 
2 mg/m, NDC 0008-0581; 10 mi vial and tmi fill in 2 m TUBEX, 
4 mg/ mi, NDC 0008-0570: 10 mi vial and imi fill in 2 ml TUBEX. 
For IM or IV injection. 
Protect from light. Keep in refrigerator. 
Directions tor Ditution tor IY Use: To ditute, adhere to following procedure: For TUBEX —{1} Extrude entire 
amount of air in haff-filled TUBEX. (2} Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
umit homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial~Aspirate 
desired amount of lorazepam injection into syringe, Then proceed as described under TUBEX, 
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lo-Pack® needs no refrig- 

eration and mixes instantly with diluent. 
No separate needle or syringe is nec- 
essary. And, both the 500 and 1000 mg 
sizes work equally well with 

either bottles or bags. 


~ has a unique square shape 
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When it comes to 
stopcocks, hospitals 


Pharmaseals n 
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“Get meakK75..: 





We're American Pharmaseal, and we 
make great stopcocks. In fact, you 
may not even know that we make 


them, but you sure know about them. 


“Get me a K-75..”” for example, 
is heard all day in hospitals all over 
the country. 

Our K-75 and K-52 Novex® stop- 
cocks are legendary. And they’re 
only part of the most complete and 
widely used line of general purpose 
stopcocks available anywhere. 

One-way... Three-way... Double 
and triple tandem three-way... 

The K-52 Novex with injection 
port. 
Stopcocks with special caps to 


protect ports. And with rotating Luer- 


lock adapters for proper alignment 
and secure connections. 





Stopcocks with a choice of pre- 
attached extension tubes which add 
up to a virtually endless variety of 
possible applications. 

All with smooth-turning handles 
that won't stick or leak in the usual 
applications. 
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And now, a complete line of 
K-Series clear stopcocks for 
invasive monitoring. 

Our latest innovation is the K-Series 
clear stopcocks designed for invasive 
monitoring. 

The transparent light blue body 
makes air bubbles very easy to see 
with visual inspection. So 
there’s no need to worry about hid- 
den air bubbles. 

The white handle has a convenient, 
comfortable shape that turns easily 
and smoothly. Plus, each handle is 
clearly labeled to identify the 
flow path. 

These non-leaking stopcocks 
feature Luer-lock fittings. They’re 
superb units, just what you need 
for invasive monitoring. 





25 million later. 
That’s how many we’ve made. That’s 
a lot of experience. 

Every one is produced with the 
strictest quality control standards 
under stringent biological, chemical 
and physical testing. 

The result, highest quality 
American Pharmaseal stopcocks. 


Our K-Series stopcocks. Now that 
you know who makes them, we may 
hear you saying, “Get me the 
Pharmaseal® K-75..” 


American Pharmaseal Company 


American Hospital Supply Corporation 
Valencia, CA 91355-8900 





For full details on our stopcocks 
and extension tubes including the 
numerous hookups available and 
the new invasive monitoring kits, 
contact your American Pharmaseal 
representative. 
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COMPARED WITH ISOFLURANE” 


e Superior hemodynamic stability 

e Shorter recovery times 

- Better maintenance of postoperative analgesia 
e Lower total cost per procedure 





*In a comparative study’? of patients undergoing major orthopedic 
surgery who received either SUFENTA-N,O (n=10) or isoflurane-N,O (n=10). 


1. Scientific Exhibit, Sufentanil vs. Isoflurane in Major Orthopedic 
Procedures (Fahmy NR, Principal Investigator), March 1983. 


2. Fahmy NR, Beemer GH, Roberts JT. Symposium Report, Advances 
in Anesthesia, a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 


COMPARED WITH FENTANYL 


e Smoother, more rapid induction 

e Smoother, more stable intraoperative course 

¢ Faster, more comfortable recovery 

e More effective blocking of surgical stress response 
e Superior hemodynamic stability 

e Smaller volume of injection 

e Lower total cost per procedure 


3. Smith NT, Dec-Silver H, Harrison WK, et al: ASA Abstract, 
Anesthesiology (Suppl) 57: A291, 1982. 

4. Flacke JW, Bloor BC, Flacke WE, et al: Comparative Effects of 
Sufentanil and Fentanyl Versus Meperidine and Morphine in 
Balanced Anesthesia. Symposium Report, Advances in Anesthesia, 
a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 
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SUFENTA 


uf il a | . e (i 
(sufentanil citrate) Injection 
CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION 

SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-|4-(methoxymethy!)-1- 
[2-(2-thieny|)ethy!]-4-piperidinyl|-N-phenylpropanamide 2-hydroxy-1,2.3-propanetricarboxylate (1:1) 
SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 ug per 
ml of sufentanil base for intravenous injection. The solution has a pH range of 3.5-75 


CLINICAL PHARMACOLOGY 

SUFENTA is an opioid analgesic. SUFENTA is approximately 5 to 7 times as potent as fentanyl (Dosage 
requirements for equianalgesic effect will be %5-'% those of fentanyl on a mg/kg basis.) At doses of up to 
8 yg/kg, SUFENTA provides profound analgesia: at doses >8 g/kg, SUFENTA produces a deep level of 
anesthesia. SUFENTA produces a dose related attenuation of catecholamine release. particularly norepi- 
nephrine. 


The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time 
of 0.72 minutes, redistribution of 13.7 minutes and an elimination half-life of 148 minutes. The liver and small 
intestine are the major sites of biotransformation. Approximately 80% of the administered dose is excreted 
within 24 hours and only 2% of the dose is eliminated as unchanged drug. Plasma protein binding of SUFENTA 
Is approximately 92.5%. 


SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination trom tissue 
storage sites allows for relatively more rapid recovery as compared with fentanyl. At dosages of SUFENTA of 
1-2 g/kg, recovery times are comparable to those observed with fentanyl; at dosages of >2-6 ..g/kg, 
recovery times are comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 
8-30 u9/kg of SUFENTA. recovery times are more rapid compared to equipotent fentanyl dosages. 


At dosages of =8 «g/kg, SUFENTA produces hypnosis and anesthesia without the use of additional 
anesthetic agents. A deep level of anesthesia is maintained at these dosages, as demonstrated by EEG 
patterns. Dosages of up to 25 yg/kg attenuate the sympathetic response to surgical stress. The catechola- 
mine response, particularly norepinephrine, is further attenuated at doses of SUFENTA of 25-30 g/kg, with 
hemodynamic stability and preservation of favorable myocardial oxygen balance 


The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate during 
SUFENTA-oxygen anesthesia. The vagolytic effect of pancuronium may be reduced in patients administered 
nitrous oxide with SUFENTA. The use of moderate doses of pancuronium or of a less vagolytic neuromus- 
cular blocking agent may be used to maintain a stable lower heart rate and blood pressure during 
SUFENTA-oxygen anesthesia 


Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements for 
neuromuscular blocking agents are generally lower as compared to patients given fentanyl or halothane, and 
comparable to patients given enflurane 


Bradycardia ıs infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous 
oxide with high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output 


Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels 
and no indication of histamine release. 


SUFENTA at 20 g/kg has been shown to provide more adequate reduction in intracranial volume than 
equivalent doses of fentanyl, based upon requirements for furosemide and anesthesia supplementation 
in one study of patients undergoing craniotomy. During carotid endarterectomy, SUFENTA produced EEG 
patterns and reductions in cerebral blood flow and Oxygen utilization comparable to those of fentanyl 


The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a Slight reduction in 
systemic vascular resistance during the initial postoperative period The incidence of postoperative 
hypertension, need for vasoactive agents and requirements for postoperative analgesics are generally 
reduced in patients administered moderate or high doses of SUFENTA as compared to patients given 
inhalation agents 


Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when SUFENTA ıs used at sub-anesthetic dosages. At high doses. a 
pronounced decrease in pulmonary exchange and apnea may be produced 


INDICATIONS AND USAGE 

SUFENTA (sufentanil citrate) is indicated 

as an analgesic adjunct at dosages of up to 8 s.g/kg in the maintenance of balanced general anesthesia 
as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients 
undergoing major surgical procedures. such as cardiovascular Surgery or neurosurgical procedures in the 
Sitting position, to provide favorable myocardial and cerebral oxygen balance or when extended postoperative 
ventilation is anticipated. 


CONTRAINDICATIONS 
SUFENTA is contraindicated in patients with known hypersensitivity to the drug 


WARNINGS 
SUFENTA should be administered only by persons specifically trained in the use of intravenous 
anesthetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 


SUFENTA may cause skeletal muscle rigidity. particularly of the truncal muscles. The incidence can be reduced 
by: 1) administration of up to '/ of the full paralyzing dose of a non-depolarizing neuromuscular blocking agent 
Just prior to administration of SUFENTA at dosages of up to 8 s.g/kg, 2) administration of a full paralyzing dose 
of a neuromuscular blocking agent following loss of eyelash reflex when SUFENTA is used in anesthetic 
dosages (above 8 g/kg) titrated by slow intravenous infusion, or, 3) simultaneous administration of SUFENTA 
and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA is used in rapidly administered 
anesthetic dosages (above 8 g/kg) 


The neuromuscular blocking agent used should be compatible with the patients cardiovascular status. 
Adequate facilities should be available for postoperative monitoring and ventilation of patients adn...1stered 
anesthetic doses of SUFENTA. It is essential that these facilities be fully equipped to handle all degrees of 
respiratory depression. 


PRECAUTIONS 
The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated patients. The effect of 
the initial dose should be considered in determining supplemental doses. 


Vital signs should be monitored routinely 


Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY) 


High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. 
Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to 
atropine. 


Head Injuries: SUFENTA may obscure the clinical course of patients with head Injuries. 


Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally 
decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by opioid analgesics can be reversed by 
opioid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the opioid antagonist action, appropriate surveillance should be 
maintained. 


Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of 
SUFENTA. 


Drug Interactions: An additive effect with SUFENTA may be exhibited in patients receiving barbiturates, 
tranquilizers, other opioids, general anesthetics or other CNS depressants. In such cases of combined 
treatment, the dose of one or both agents should be reduced. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that single 
intravenous doses of SUFENTA as high as 80 „g/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating test 
also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 





Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 
prolonged administration of the drug 

No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits 
There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
Therefore, such use is not recommended 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk. caution should be exercised when SUFENTA is administered to a nursing woman 
Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing 
cardiovascular surgery has been documented in a limited number of cases. 

Animal Toxicology: The intravenous LD., of SUFENTA is 168 to 180 mg/kg in mice. 118 to 13.0 mg/kg in 
guinea pigs and 101 to 195 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due to decreased food consumption and anoxia. which preclude any meaningful interpretation of the results 
ADVERSE REACTIONS 

The most common adverse reactions of opioids are respiratory depression and skeletal muscle rigidity. See 
CLINICAL PHARMACOLOGY. WARNINGS and PRECAUTIONS on the management of respiratory depression 
and skeletal muscle rigidity 


The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were 
hypotension (7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%) 

Other adverse reactions with a reported incidence of less than 1% were: 

Cardiovascular: tachycardia, arrhythmia 

Gastrointestinal: nausea. vomiting 

Respiratory: apnea. postoperative respiratory depression. bronchospasm 

Dermatological: itching 

Central Nervous System: chills 

Miscellaneous: intraoperative muscle movement 

DRUG ABUSE AND DEPENDENCE 

SUFENTA (sufentanil citrate) is a Schedule II controlled drug substance that can produce drug dependence of 
the morphine type and therefore has the potential for being abused 

OVERDOSAGE 

Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA (see CLINICAL 
PHARMACOLOGY) as with other potent opioid analgesics. However. no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LD.» of SUFENTA in male rats is 9.34 to 
125 mg/kg (see ANIMAL TOXICOLOGY tor LD.,s in other species). Intravenous administration of an opioid 
antagonist such as naloxone should be employed as a specific antidote to manage respiratory depression 
The duration of respiratory depression following overdosage with SUFENTA may be longer than the duration of 
action of the opioid antagonist. Administration of an opioid antagonist should not preclude more immediate 
countermeasures. In the event of overdosage, oxygen should be administered and ventilation assisted or 
controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a nasopharyn- 
geal airway or endotracheal tube may be indicated. If depressed respiration is associated with muscular 
rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respiration 
Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures may be 
employed 

DOSAGE AND ADMINISTRATION 

The dosage of SUFENTA should be individualized in each case according to body weight. physical status, 
underlying pathological condition, use of other drugs. and type of surgical procedure and anesthesia. In obese 
patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be determined on the 
basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see PRECAUTIONS) 


Vital signs should be monitored routinely 


See dosage range chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 sg/kg as an 
analgesic adjunct to general anesthesia, and 2) in doses =8 ng/kg as a primary anesthetic agent for induction 
and maintenance of anesthesia with 100% oxygen 

Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age 
undergoing cardiovascular surgery. an anesthetic dose of 10-25 ug/kg administered with 100% Oxygen is 
generally recommended. Supplemental dosages of up to 25-50 sg are recommended for maintenance. based 
on response to initial dose and as determined by changes in vital signs indicating surgical stress or lightening 
of anesthesia 

Premedication: The selection of preanesthetic medications should be based upon the needs of the individual 
patient 

Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with 
the patients condition, taking into account the hemodynamic effects of a particular muscle relaxant and 
the degree of skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY WARNINGS and 
PRECAUTIONS) 


ADULT DOSAGE RANGE CHART 


TOTAL DOSAGE MAINTENANCE DOSAGE 


1-2 ug/kg: administered with nitrous oxide oxy- 
gen in patients undergoing general surgery in 
which endotracheal intubation and mechanical 
ventilation are required 


2-8 g/kg: administered with nitrous oxide oxy- 
gen in patients undergoing more complicated 
major Surgical procedures At dosages in this 
range. SUFENTA has been shown to provide 
some attenuation of sympathetic reflex activity 
in response to Surgical stimuli, provide hemo 
dynamic stability and provide relatively rapid 
recovery 


10-25 ug (0.2-0.5 ml): as needed when move- 
ment andor changes in vital signs indicate 
Surgical stress or lightening of analgesia. Sup- 
plemental dosages should be individualized and 
adjusted to the remaining operative time antici- 
pated 


25-50 xg (0.5-1 ml): as determined by changes 
in vital signs that indicate stress or lightening of 
analgesia. Supplemental dosages should be 
individualized. and adjusted to the remaining 


8-30 yg/kg: (anesthetic doses) administered | OPErative time anticipated 


with 100% oxygen and a muscle relaxant 
SUFENTA has been found to produce sleep at 
dosages =8 g/kg and to maintain a deep level 
of anesthesia without the use of additional 
anesthetic agents At dosages in this range of up 
to 25 ng/kg. catecholamine release is atten- 
uated Dosages of 25-30 wa kg have been 
shown to block Sympathetic responses includ 
ing catecholamine release High doses are indi- 
cated in patients undergoing major surgical 
Procedures. such as cardiovascular surgery 
and neurosurgery in the sitting position with 
maintenance of favorable myocardial and cere- 
bral oxygen balance Postoperative mechanical 
ventilation and observation are essential at 
these dosages due to extended postoperative 
respiratory depression 


25-50 yg (0.5-1 ml): as determined by changes 
in vital signs that indicate stress and lightening 
of anesthesia 





In patients administered high (anesthetic) doses of SUFENTA. it ıs essential that qualified personnel and 
adequate facilities are available for the management of postoperative respiratory depression 

Also see WARNINGS and PRECAUTIONS sections 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration. whenever solution and container permit 

HOW SUPPLIED 

SUFENTA (sufentanil citrate) Injection for intravenous use ıs available as 

NDC 50458-050-01 50 g/ml. 1 mi ampoules in packages of 10 

NDC 50458-050-02 50 sg/mI, 2 mi ampoules in packages of 10 

NDC 50458-050-05 50 ng/ml, 5 mi ampoules in packages of 10 

Protect trom light Store at room temperature 


ml JANSSEN 
J) PHARMACEUTICA 
Piscataway, N.J. 08854 


US. Patent No. 3.998834 


7618500 May 1984 





Introducing STRAPEZE“ 
While others slip and slide all over the place, 
we ve made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient’s airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 
Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam IT" a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of seft, synthetic lambs-wool. 


So easy to apply 
The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and security to endotracheal 
tube placement. And there's nothing 
else like it for ease of use, You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient's 
neck, loop around tube and fasten with 
the Velcro tab back onto the strap's 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it won't 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 

ProTechPacific 
STRAPEZE was designed to answer 
the demanding needs of today’s medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
example of ProTech Pacific’s ongoing 
commitment to your profession, 
STRAPEZE. New convenience. New 
security, New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays pul, 


BUS. Patents pepiling 


ProTechPacific 


$221 Andersen Drive 

San Rafael, California 9490] 
Call Toll Free: 800/227-0517 
in Calif. 415/459-0745 


Manufacturers of Protective Medical Products 





HALOTHANE USE 
Produced by 


Halocarbon Laboratories, Inc. 







When requested 
bottle comes with collar. 


: cata Canes 

HUR fu 

SLMATION ANESTHESIA 

WOO Sree ELT USED 
“ee et PRESENTAN 


T 

 Nocagy titted in USA hy 

| oy OR LABORATORIES. INC. 
k ina Nu GSN 






‘First Maker of | 
Fluorinated Anesthetics 


in the U.S.A. 


"Pioneerin 
Anesthetic Purity 


e Lowest Price of Any 
Potent Anesthetic 


HALOCARBON 


LABORATORIES, INC. 


PO. Box 833 
Hackensack, NJ 07602 


(201) 343-8703 
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A Valuable Source of Information 


on Diagnostic Imaging: 
Gr: 
THE JOURNAL OF 


COMPUTED 
TOMOGRAPHY 


Editor-in-Chief: Franklin L. Angell, M.D., 
Chairman, Department of Radiology, Mercy 
Hospital, Baltimore, Maryland 





A quarterly publication, CT: The Journal of 
Computed Tomography highlights advances 
in the clinical application of imaging modalities. 
Articles by leading radiologists compare the cost- 
effectiveness, diagnostic yield, and appropriate- 
ness of the various imaging techniques (plain film, 
ultrasound, nuclear medicine, NMR, and angio- 
graphy) to diagnose disease in the head and body. 
Issues include 

è case reports 

e book reviews 

e abstracts from the literature 

e meeting and conference announcements. 


CT is an important news source and essential 
reading for physicians who use diagnostic 
imaging. 

1985 Subscription Information 

Volume 9 (4 issues ) 

institutional Rate: $104.00 Personal Rate $52.00 

For air delivery in the U.S.A., Canada, or Mexico. add 
$12.00. Subscribers outside the USA. should add $9.00 for 
surface delivery (not available to Europe ); 310.00 for sur- 
face air lift delivery to Europe; or $26.00 for air delivery to 
the rest of the world, Subscribers in Japan must add 314.50 
for delivery (via surface air lift only ). 

For a free sample copy, send to: 

in North and South America: 

Elsevier Science Publishing Co., Inc. 

P.O. Box 1663 

Grand Central Station 

New York, NY 10163 

in the rest of the world: 

Elsevier Science Publishers 

Direct Mail Department 

P.O. Box 211 

1000 AE Amsterdam 

The Netherlands 

Note: All subscription orders should be sent 
either to your usual supplier or to the New 
York address. 


ELSEVIER 


All subscriptions begin with the first issue of the calendar 
year, Personal subscriptions must be prepaid. Subscrip- 
tion rates valid through December 31, 1984. 





When Venous Air Embolism Might be a Problem, 


the Bunegin-Albin multiorificed air aspiration CVP set is now available. The 
successful passage of a large bore line via the antecubital fossa into the ~ 
superior vena cava with the tip just before the entrance to the right 
atrium is enhanced because of the use of a flexible wire guide having a 
J tip configuration. The end of the 5.8 French polyethylene catheter 
has a total of 6 sideports arranged so that aspiration will yield the 
maximal quantity of air as compared to a single orificed catheter.’ 










Successful placement of this type of catheter via the antecubital fossa has 
been reported to be greater than 95%.2 This prototype is also available in a 
shorter length for insertion via the subclavian, internal jugular, or external 
jugular veins. It should be pointed out that venous air embolism has 
been described in the supine, lateral, and prone positions, 
even though the major reported incidence appears to 
be in the sitting position during neurosurgical pro- , 
cedures.? Nevertheless, venous air embolism has also 
been reported in surgical procedures other than 
neurosurgical, 
including abdom- 

inal, orthopedic, A 
plastic, cardio- \\ \ 
thoracic, and ab- A 
dominal surgery.* 
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For these reasons, 


the use of the multi- 
orificed catheter for as- 
piration of air in the 
superior vena cava near 
the entrance to the right 
atrium may be lifesaving. 
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ORDER NUMBERS 
C-VAE-580 — ANTECUBITAL SET 
C-VAE-580-SCJ — SUBCLAVIAN AND JUGULAR SET 


P.O. Box 489 
Bloomington, IN 47402 
Phone: 812 339-2235 


COOK’ 
CRITICAL CARE 






A Division of Cook Incorporated 


© COPYRIGHT COOK INCORPORATED 1985 
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The only constant in 
critical care medicine 
is change. 
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Created by the merger of Bard Biomedical 
and USCI Critical Care, our new structure puts us in a much 
better position to offer you the products, services, and 
ideas you constantly require in your chosen field. 





Only change keeps 
a company constant. 


introducing Bard Critical Care. 


; to it can n Bard Critical Cae became WPAN we end to be: a Sper you RA 
will regard as one of your constants for many years to come. 


[BAIRID 


Bard Critical Care Division 
C.R. Bard, Inc., PO. Box 7000, 129 Concord Rd., Billerica, Mass. 01821 


Toll-free telephone: 1-800-323-3419 
In Massachusetts, Alaska, and Hawaii: 617-667-8810 
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Accuracy 
E Automated 21% 
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E Electronic “performance 
p SERVICE 
E informs the clinician 'when to recalibrate BAD CELL 


Dependabilj 


E Continually monitors battery life 
E Fail-safe system assures that low battery voltage 
will not affect performance 
E immediately alerts clinician when to replace 
thé batteries 
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Full 1 Year 
Sensor Warrant 
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2 Year Warrant 
on the Electronics 


Detailed Information and Specifications, Write or Call: 


[=] HUDS 
VENTRONICS DIVISION 
27711 Diaz Road, P.O. Box 66, Temecula, California 92390-0066 


Outside California | In California 
748, Ext. 1 








The premedication that 
well into the 
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Before Surgery 









Produces prompt " 
tranquilization; allays 
apprehension 


Provides adequate YES 
sedation and a 
cooperative patient 
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Before prescribing please consult complete prescribing infor- 
mation, of which the following is a brief summary. 


DESCRIPTION: 
2 ml. and 5 ml. ampoules 
Each ml. contains: 


LL a or ee en 2.5 mg. 


Lactic acid for pH adjustment to 3.4 + 0.4 
10 mi. vials 
Each ml. contains: 


ORONO ON 5 ios Sede aad id Bh rex oweewdaere 2.5 mg. 


With 1.8 mg. methylparaben and 0.2 mg. propylparaben, 
and lactic acid for pH adjustment to 3.4 + 0.4. 

Protect from light. Store at room temperature. 

FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

Droperidol is a neuroleptic (tranquilizer) agent. 


INDICATIONS: INAPSINE (droperidol) is indicated: 

to produce tranquilization and to reduce the incidence of 
nausea and vomiting in surgical and diagnostic procedures: 
for premedication, induction, and as an adjunct in the mainte- 
nance of general and regional anesthesia: 

in neuroleptanalgesia in which INAPSINE (droperidol) is given 
concurrently with a narcotic analgesic, such as SUBLIMAZE® 
(fentanyl) injection, to aid in producing tranquility and 
decreasing anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 
in patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO MAN- 
AGE HYPOTENSION SHOULD BE READILY AVAILABLE. As with 
other CNS depressant drugs, patients who have received 
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During Surgery 
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INAPSINE (droperidol) should have appropriate surveillance. 

If INAPSINE (droperidol) is administered with a narcotic 
analgesic such as SUBLIMAZE (fentanyl), the user should 
familiarize himself with the special properties of each drug, 
Particularly the widely differing durations of action. In addi- 
tion, when such a combination is used, resuscitative equip- 
ment and a narcotic antagonist should be readily available to 
manage apnea. See package insert for fentanyl before using. 
Narcotic analgesics such as SUBLIMAZE (fentanyl) may cause 
muscle rigidity, particularly involving the muscles of respir- 
ation. This effect is related to the speed of injection. Its incidence 
can be reduced by the use of slow intravenous injection. 
Once this effect occurs, it is managed by the use of assisted 
or controlled respiration and, if necessary, by a neuromus- 
cular blocking agent compatible with the patient's condition. 

The respiratory depressant effect of narcotics persists 
longer than their measured analgesic effect. When used with 
INAPSINE (droperidol), the total dose of all narcotic analge- 
sics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from 
anesthesia. It is recommended that narcotics, when required, 
be used initially in reduced doses as low as “% to 1⁄4 those 
usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly, debilitated and other 
poor-risk patients. The effect of the initial dose should be 
considered in determining incremental doses. Certain forms 
of conduction anesthesia, such as spinal anesthesia and 
some peridural anesthetics, can cause peripheral vasodilata- 
tion and hypotension because of sympathetic blockade. 
Through other mechanisms, INAPSINE (droperidol) can also 
alter circulation, Therefore, when INAPSINE (droperidol) is 
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used to supplement these forms of anesthesia, the anesthe- 
tist should be familiar with the physiological alterations 
involved, and be prepared to manage them in the patients 
selected for this form of anesthesia. 

lf hypotension occurs, the possibility of hypovolemia 
should be considered and managed with appropriate paren- 
teral fluid therapy. Repositioning the patient to improve 
venous return to the heart should also be considered when 
Operative conditions permit. It should be noted that in spinal 
and peridural anesthesia, tilting the patient into a head down 
position may result in a higher level of anesthesia than is 
desirable, as well as impair venous return to the heart. Care 
should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. If vol- 
ume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor 
agents other than epinephrine should be considered. Epineph- 
rine may paradoxically decrease the blood pressure in 
patients treated with INAPSINE (droperidol) due to the alpha- 
adrenergic blocking action of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arte- 
rial pressure, this fact should be considered by those who 
conduct diagnostic or surgical procedures where interpreta- 
tion of pulmonary arterial pressure measurements might 
determine final management of the patient. Vital signs should 
be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates. tranquiliz- 
ers, Narcotics, and general anesthetics) have additive or 
potentiating effects with INAPSINE (droperidol). When 
patients have received such drugs, the dose of INAPSINE 
(droperidol) required will be less than usual. Likewise. follow- 
ing the administration of INAPSINE (droperidol), the dose of 
other CNS depressant drugs should be reduced. 
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INAPSINE (droperidol) should 3e administered with caution 
to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion 
of drugs. 

When the EEG is used for pcstoperative monitoring, it may 
be found that the EEG pattern returns to normal slowly. 

Since INAPSINE (droperidol) is frequently used with the 
narcotic analgesic SUBLIMAZE (fentanyl), it should be noted 
that fentanyl may produce bradycardia, which may be treated 
with atropine; however, fentanyl should be used with caution 
in patients with cardiac bradyarrhythmias 


ADVERSE REACTIONS: The most ccmmon adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to mod- 
erate hypotension and occasionally tachycardia, but these 
effects usually subside without treatment. If hypotension 
occurs and is severe or persists, the possibility of hypovole- 
mia should be considered and managed with appropriate 
parenteral fluid therapy. Postoperative drowsiness is also fre- 
quently reported. 

Extrapyramidal symptoms (cystonia, akathisia, and oculo- 
gyric crisis) have been observed following administration of 
INAPSINE (droperidol). Restlessress, hyperactivity, and anxi- 
ety which can be either the result of inadequate dosage of 
INAPSINE (droperidol) or a part of the symptom complex of 
akathisia may occur. When extrapyramidal symptoms occur, 
they can usually be controlled with anti-parkinson agents. 

Other adverse reactions that have been reported are dizzi- 
ness, chills and/or shivering, laryngospasm, bronchospasm 
and postoperative hallucinatory episodes (sometimes asso- 
ciated with transient periods of mental depression). 

When INAPSINE (droperidol) ts used with a narcotic anal- 
gesic such as SUBLIMAZE (fentanyl), respiratory depression, 
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apnea, and muscular rigidity can occur; if these remain 
untreated respiratory arrest could occur. 

Elevated blood pressure, with or without preexisting 
hypertension, has been reported following administration of 
INAPSINE (droperidol) combined with SUBLIMAZE (fentanyl) 
or other parenteral analgesics. This might be due to unex- 
plained alterations in sympathetic activity following large 
doses; however, it is also frequently attributed to anesthetic 
or surgical stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION: Dosage should be individual- 
ized. Some of the factors to be considered in determining the 
dose are age, body weight, physical status, underlying patho- 
logical condition, use of other drugs, type of anesthesia to be 
used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 


Usual Adult Dosage 

|. Premedication—(to be appropriately modified in the elderly, 
debilitated, and those who have received other depressant 
drugs) 2.5 to 10 mg. (1 to 4 ml.) may be administered 
intramuscularly 30 to 60 minutes preoperatively. 

ll. Adjunct to General Anesthesia 
Induction—2.5 mg. (1 ml.) per 20 to 25 pounds may be 
administered (usually intravenously) along with an analge- 
sic and/or general anesthetic. Smaller doses may be ade- 
quate. The total amount of INAPSINE (droperidol) 
administered should be titrated to obtain the desired effect 
based on the individual patient's response. 
Maintenance—1.25 to 2.5 mg. (0.5 to 1 ml.) usually intra- 
venously (see warning regarding use with concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 
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lf INNOVAR® injection is administered in addition to 
INAPSINE (droperidol), the calculation of the recommended 
dose of INAPSINE (droperidol) should include the droperi- 
dol contained in the INNOVAR injection. See INNOVAR 
injection Package Insert for full prescribing information. 

. Use Without A General Anesthetic In Diagnostic Proce- 
dures— Administer the usual |.M. premedication 2.5 to 10 
mg. (1 to 4 ml.) 30 to 60 minutes before the procedure. 
Additional 1.25 to 2.5 mg. (0.5 to 1 ml.) amounts of 
INAPSINE (droperidol) may be administered, usually intrave- 
nously (see warning regarding use with concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain 
procedures, such as bronchoscopy, appropriate topical 
anesthesia is still necessary. 

IV. Adjunct to Regional Anesthesia—2.5 to 5 mg. (1 to 2 ml.) 

may be administered intramuscularly or slowly intrave- 

nously when additional sedation is required. 


How Supplied: 2 mi. and 5 ml. ampoules—packages of 10; 

10 mi. multiple-dose vials—packages of 10. 

U.S. Patent No. 3,161,645 

NDC 50458-010-02; NDC 50458-010-05; NDC 50458-010-10 
March 1980, Revised June 1980 

“See full prescribing information for complete description. 
© Janssen Pharmaceutica Inc. 1983 
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Janssen Pharmaceutica Inc, 501 George St., New Brunswick, N.J. 08903 
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When treatment shoulc 
have no bounds 


AE i The Servo Ventilator will meet the 
Rag ee physician's standards. For prematures, 
| children and adults. In intensive care, 
anesthesia and patient transportation. 


The multi-purpose Servo Ventilator from 
Siemens - the world leader in advanced 
ventilators. 


Å- Servo Ventilator Systems 


Siemens-Elema Ventilator Systems 

2360 North Palmer.Drive, Schaumburg, Illinois 60195 
Tel. : (812)397-5900 

For countries outside the U.S.: 


Siemens-Elema AB, Ventilator Division. 
S-17195, Solna, Sweden 


lease 
C send me the Servo application poster 
Cl inform me about the Servo in intensive care 
C] contact me 


ete i 


x 
PE: r 
PA 


Sie 
NS 
> 
é 
S 


CS| Address 


be, | 
ERN 





s » Hypoxia is a major cause of morbidity and 
mortality during anesthesia.” 


PUT AN END TO HYPOXEMIA 
COMPLIC ATIONS. seraact adie kaerra e 






permit brain survival: 


“There is no question that routine, con- 
tinuous oximetry is an additional technology 
which could essentially eliminate this very 
expensive source of anesthesia malpractice 
claims.” 


«OUr most pressing needs are for mon- 
itoring... the state of tissue oxygenation...” 


“Changes in oxygen saturation occur 
frequently during anesthesia regardless of 
the skill and experience of the anesthetist... 
Continuous oximetry provides for early 
recognition and timely treatment of desat- 
uration well before the onset of cyanosis, 

a sine qua non of quality patient care. by 
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THE NELLCOR PULSE OXIMETER: 
THE BEST INSURANCE AGAINST 
UNDETECTED HYPOXEMIA. 


The Nellcor Pulse Oximeter. By 
continuously monitoring patients’ 
arterial hemoglobin oxygen satura- 
tion levels, it detects hypoxemia 
before it can lead to serious med- 
ical problems. 

A precalibrated, comfortable 
photosensor is simply placed on the 
patient and the monitor turned on. 

Everything you need is right at 
hand. Immediately. Continuously. 
Accurately. And non-invasively. 

With each heartbeat, there are 
real time measurements of arterial 
saturation, pulse rate and pulse 
amplitude. 

And it doesn't have to be watched 
because there is an audible beep 
with each heartbeat that changes 
pitch to reflect any change in oxy- 
gen saturation levels. 

Plus, alarms warn instantly if 
pulse rate or saturation fall outside 
of preset limits. 


‘Flynn M: Hypoxemia Detection During Pediatric Endoscopy. 
Presented at The American Academy of Pediatrics, 1983, pp 1-2. 
Davis DA: An Analysis of Anesthetic Mishaps from Medical 
Liability Claims, in Pierce EC Jr. Cooper JB (eds): Analysis of 
Anesthetic Mishaps. International Anesthesiology Clinics, 
Boston, Little, Brown and Company, 1984, Vol 22, No 2. 

pp 31-42. 

SRubsamen DS (ed): Professional Liability Newsletter, 1984, 
Vol 15, No 6. 
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Early warning for instant treat- 
ment before damage can occur. 

For more information, write or 
call us toll-free at 800/433-1244. (In 
California, call 800/351-9754.) 

The Nellcor Pulse Oximeter. The 
best insurance against undetected 
hypoxemia. 


i Ge ® 
<> NELLCOR 


Nellcor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415/887-5858 


*Whitcher C, New W Jr, Bacon B: Perianesthetic oxygen 
saturation vs. skill of the anesthetist. Anesthesiology 57; 1982. 
Suppl to abstract for American Society of Anesthesiologists, 
October 18, 1982. 


Nellcor and Nellcor Pulse Oximeter are registered trademarks 
of Nellcor Incorporated. 
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= Long duration of action 


E Greater patient comfort’ 


E Reduced need for strong 


postoperative analgesics’ 


E Improved pulmonary 
functions’ 


™ Reduced incidence of 
atelectasis’ 


E Use lowest dosage of 
local anesthetic to yield 
effective anesthesia 


Marcainec 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1:200,000 


tithrogGreor 


WINTHROP-BREON LABORATORIES 
90 Park Avenue, New York, N.Y. 10016 


*0.25% only. 
Please see adjacent important product information concerning contra- 


indications, warnings, adverse reactions, patient selection, and prescribing and 
precautionary recommendaeticns. 


©1984 Winthrop-Breon Laboratories 


M i 

(bupivacaine HCI injection, USP) Sresnne 200000 

PLEASE CONSULT FULL PRESCRIBING INFORMATION. A SUMMARY FOLLOWS: 
CONTRAINDICATIONS: Obstetric paracervical block anesthesia; use in this technique has resulted in fetal 


bradycardia and death. Known hypersensitivity to the drug or to any amide-type local anesthetic, or to other 
components of MARCAINE solutions. 


WARNINGS 


THE 0.75% CONCENTRATION OF MARCAINE IS NOT RECOMMENDED FOR OBSTETRICAL 
ANESTHESIA. THERE HAVE BEEN REPORTS OF CARDIAC ARREST WITH DIFFICULT 
RESUSCITATION OR DEATH DURING USE OF MARCAINE FOR EPIDURAL ANESTHESIA 
IN OBSTETRICAL PATIENTS. IN MOST CASES, THIS HAS FOLLOWED USE OF THE 0.75% 
CONCENTRATION. RESUSCITATION HAS BEEN DIFFICULT OR IMPOSSIBLE DESPITE 


APPARENTLY ADEQUATE PREPARATION AND APPROPRIATE MANAGEMENT. CARDIAC 
ARREST HAS OCCURRED AFTER CONVULSIONS RESULTING FROM SYSTEMIC TOXICITY, 
PRESUMABLY FOLLOWING UNINTENTIONAL INTRAVASCULAR INJECTION. THE 0.75% CON- 
CENTRATION SHOULD BE RESERVED FOR SURGICAL PROCEDURES WHERE A HIGH 
DEGREE OF MUSCLE RELAXATION AND PROLONGED EFFECT ARE NECESSARY. 





LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL VERSED IN 
DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMERGENCIES 
WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER INSURING 
THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIOPULMONARY 
RESUSCITATIVE EQUIPMENT, AND THE PERSONNEL RESOURCES NEEDED FOR PROPER MANAGE- 
MENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See also ADVERSE REACTIONS, 
PRECAUTIONS and OVERDOSAGE.) DELAY IN PROPER MANAGEMENT OF DOSE-RELATED TOXICITY, 
UNDERVENTILATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE DE- 
VELOPMENT OF ACIDOSIS, CARDIAC ARREST AND, POSSIBLY, DEATH. 

Local-anesthetic solutions containing antimicrobial preservatives, ie, those supplied in multiple-dose 
vials. should not be used for epidural or caudal anesthesia because their safety has not been established 
with regard to intrathecal injection—intentionally or not 

it is essential that aspiration for blood or cerebrospinal fluid, where applicable, be done prior to injecting 
any local anesthetic (the original and all subsequent doses) to avoid intravascular or subarachnoid injection, 
which can occur even with a negative aspiration 

MARCAINE with epinephrine 1:200,000 or other vasopressors should not be used concomitantly with 
ergot-type oxytocic drugs, and used with extreme caution in patients receiving monoamine oxidase (MAO) 
inhibitors or antidepressants of the triptyline or imipramine types; severe prolonged hypertension may result 

Pending further experience, MARCAINE administration in children younger than 12 years is not recommended. 

Mixing, or a prior or intercurrent use, of any other local anesthetic with MARCAINE cannot be recom- 
mended because such use lacks sufficient clinical data 

There have been reports of cardiac arrest and death with MARCAINE for intravenous regional anesthesia 
(Bier block). Since information on safe dosages and procedural techniques is lacking, MARCAINE is not 
recommended. 

PRECAUTIONS: General: Safety and effectiveness of local anesthetics depend on proper dosage, correct 
technique, adequate precautions, and readiness for emergencies. Resuscitative equipment, drugs, and 
oxygen should be available for immediate use. (See WARNINGS, ADVERSE REACTIONS, OVERDOSAGE ) 
During major regional nerve blocks, the patient should have IV. fluids via an indwelling catheter to assure a 
functioning intravenous pathway. The lowest effective anesthetic dosage should be used to avoid high 
plasma levels and serious adverse effects 

Epidural Anesthesia: The 0.5% and 0.75% solutions should be administered in increments of 3-5 mL with 
sufficient time between doses to detect toxic manifestations of unintentional intravascular or intrathecal 
injection. Administration should be slow, with frequent aspirations before and during the procedure to avoid 
intravascular injection which is still possible even if aspirations for blood are negative Syringe aspirations 
should also be performed before and during each supplemental injection by “continuous” (intermittent) 
catheter technique. During an epidural procedure, it is recommended that a test dose be administered 
initially and the effects monitored before giving the full dose. When using continuous catheter technique, test 
doses should be given prior to both the original and al! reinforcing doses because plastic tubing in the 
epidural space can migrate into a blood vessel or through the dura. Clinical conditions permitting, the test 
dose should contain epinephrine (10-15 ug has been suggested) to provide warning of unintended intravas- 
cular injection. If injected into a blood vessel, this amount is likely to produce a transient “epinephrine 
response” within 45 seconds, consisting of an increase in heart rate and/or systolic blood pressure, cir- 
cumoral pallor, palpitations, and nervousness in the unsedated patient who may exhibit only a pulse-rate 
increase of 20 or more beats per minute for 15 or more seconds. Therefore, following the test dose, heart rate 
should be monitored for any increase. Patients on beta blockers may not manifest such changes, but 
blood-pressure monitoring can detect a transient systolic rise The test dose should also contain 10-15 mg 
of MARCAINE or an equivalent amount of another loca! anesthetic to detect unintended intrathecal injection 
This will be evidenced within a few minutes by signs of spinal block (eg, decreased gluteal sensation, paresis 
of the legs or, in the sedated patient, absent knee jerk). Two or 3 mL of MARCAINE 0.5% with epinephrine 
1.200.000 contain, respectively, 10 and 15 mg of bupivacaine HCI and 10 and 15 ug of epinephrine. An 
intravascular or subarachnoid injection is still possible even with negative results of the test dose, which itself 
may produce an epinephrine-induced cardiovascular or systemic toxic reaction or high spinal effect 

Repeated doses may cause significant increases in plasma levels with each such injection due to slow 
accumulation of the drug or its metabolites, or to slow metabolic degradation Tolerance to elevated blood 
levels varies with the patient's status. Debilitated, elderly, and acutely ill patients should be given reduced 
doses commensurate with age and physical status. Also use local anesthetics with caution in patients with 
hypotension or heart block 

There should be careful and constant monitoring of the patient's cardiovascular and respiratory (adequacy 
of ventilation) vital signs and state of consciousness after each injection, and kept in mind at such times that 
restlessness, anxiety, incoherent speech, lightheadedness, numbness and tingling of the mouth and lips, 
metallic taste, tinnitus, dizziness, blurred vision, tremors, twitching, depression, or drowsiness may be 
warnings of CNS toxicity 

Local anesthetic solutions with a vasoconstrictor should be used cautiously and carefully in body areas 
supplied by end arteries or with otherwise restricted blood supply (digits, nose, external ear, penis, 
etc.). Patients with hypertensive vascular disease may exhibit exaggerated vasoconstrictor response; ischemic 
injury or necrosis may result 

Amide-type anesthetics such as MARCAINE are metabolized by the liver; these drugs (especially repeat 
doses) should be used cautiously in patients with hepatic disease. Because of an inability to metabolize local 
anesthetics normally, patients with severe hepatic disease are at greater risk of developing toxic plasma 
concentrations. Also use with caution in patients with impaired cardiovascular function because they may be 
less able to compensate for functional changes associated with the drug's prolongation of A-V conduction 

Serious dose-related cardiac arrhythmias may occur if preparations containing epinephrine are employed 
in patients during or following administration of potent inhalation anesthetics. In deciding whether to use 
these agents concurrently, their combined action on the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since injection should be taken into account (when applicable) 

Many drugs used in anesthesia conduction are potentially triggering agents for familial malignant hyperthermia. 
Because it is unknown whether amide-type anesthetics may trigger this reaction and because the need for 
supplemental general anesthesia cannot be predicted in acvance, it is suggested that a standard manage- 
ment protocol be available. Early unexplained signs of tachycardia, tachypnea, labile blood pressure, and 
metabolic acidosis may precede temperature elevation. Successful outcome is dependent on early diagnosis, 
prompt discontinuance of the suspect triggering agent(s), and prompt treatment including oxygen, dantrolene 
LV (see prescribing information before use), and other supportive measures 
Use in Head and Neck Area: Small doses of local anesthetics injected into the area, including retrobulbar, 
dental, and stellate ganglion blocks, may produce adverse reactions similar to systemic toxicity seen with 
unintentional intravascular injections of larger doses. Confusion, convulsions, respiratory depression and/or 
respiratory arrest, and cardiovascular stimulation or depression have been reported and may be due to 
intraarterial injection of the local anesthetic with retrograde flow to the cerebral circulation. Patients 
receiving these blocks should have their circulation and respiration monitored constantly, with resuscitative 
equipment and personnel immediately available if needed. Do not exceed dosage recommendations. (See 
DOSAGE AND ADMINISTRATION.) 

Use in Ophthalmic Surgery: With MARCAINE 0.75% for retrobulbar block, complete corneal anesthesia 
usually precedes onset of clinically acceptable external ocular muscle akinesia. Presence of akinesia alone 
determines readiness for surgery 

Use in Dentistry: Because of the long duration of anesthesia when MARCAINE 0.5% with epinephrine is 
used dentally, caution patients about inadvertent trauma to tongue, lips, and buccal mucosa; advise them not 
to chew solid foods or test the anesthetized area by biting or probing until anesthesia has worn off (up to 7 
hours) 

Information for Patients: When appropriate, inform them in advance of possible temporary loss of 
sensation and motor activity (usually in the lower body) following administration of caudal or epidural 
anesthesia, or other possible adverse occurrence noted in package insert 

Clinically Significant Drug Interactions: Administering local anesthetic solutions containing epinephrine 
or norepinephrine to patients receiving MAO inhibitors or tricyclic antidepressants may produce severe, 
prolonged hypertension. Thus concurrent use should generally be avoided; in situations when such therapy 
is necessary, careful monitoring is essential. Concurrent use of vasopressor and ergot-type oxytocic drugs 
may Cause severe, persistent hypertension or cerebrovascular accident. Phenothiazines and butyrophenones 
may reduce or reverse epinephrine’s pressor effect 


(continued on next page) 
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Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long-term studies in animals of most local 
anesthetics including bupivacaine have not been conducted. There is no evidence from human data that 
MARCAINE may be carcinogenic or mutagenic or that it impairs fertility . 

Pregnancy Category C: Decreased pup survival in rats and an embryocidal effect in rabbits have been 
observed when bupivacaine was administered to either in doses comparable to 5 to 9 times the maximum 
recommended daily human dose (400 mg). There are no adequate and well-controlled studies in pregnant 
women of the drug's effect on fetal development, and potential fetal risk must be justified by potential benefit. 
This does not exclude use of MARCAINE at term for obstetric anesthesia or analgesia. (See Labor and 
Delivery. 

Leber ond Delivery: SEE BOXED WARNING REGARDING OBSTETRIC USE OF 0.75% MARCAINE, and its 
contraindication in obstetric paracervical block. Local anesthetics cross the placenta rapidly and, when 
used for epidural, caudal, or pudendal block, can cause varying degrees of maternal, fetal, and neonatal 
toxicity. (See Pharmacokinetics in CLINICAL PHARMACOLOGY, The incidence and degree of toxicity 
depend upon the procedure performed, and drug type, amount, and technique of administration. Adverse 
reactions in the parturient, fetus, and neonate involve alterations of the CNS, peripheral vascular tone, and 
cardiac function. 

Maternal hypotension has resulted from regional anesthesia. Local anesthetics produce vasodilation by 
blocking sympathetic nerves. Elevating the patient's legs and left-side positioning will help prevent decrease 
in blood pressure. Fetal heart rate should be monitored continuously, preferably electronically. Epidural, 
caudal, or pudendal anesthesia may alter parturition through changes in uterine contractility or maternal 
expulsive efforts. Epidural anesthesia has been reported to prolong second-stage labor by removing the 
parturient's reflex urge to bear down, or by interference with motor function. Use of obstetric anesthesia may 
increase need for forceps assistance. 

Some local anesthetic drugs may diminish muscle strength and tone for the first day or two of life. It is 
unreported with bupivacaine. E 

Of extreme importance: Avoid aortocaval compression of the gravid uterus during administration of 
regional block. To do this, maintain the parturient in the left lateral decubitus position, or place a blanket roll or 
sandbag beneath the right hip to displace the gravid uterus away from the great vessels. 

Nursing Mothers: It is not known whether local anesthetics are excreted in human milk; because many 
drugs are, administer with caution. 
Pediatric Use: Without further experience in children under 12, MARCAINE is not recommended for this 
roup. 
ADVERSE REACTIONS: A major cause of adverse reactions to amide-type local anesthetics is excessive 
plasma levels, possibly due to overdosage, unintentional intravascular injection, or slow metabolic degradation. 
Systemic: The most common acute experiences, demanding immediate countermeasures, involve the CNS 
and cardiovascular systems. Adverse events are generally dose-related and due to high plasma levels which 
may result from overdosage, rapid absorption from the injection site, diminished tolerance. or unintentional 
intravascular injection of the solution. In addition to systemic dose-related toxicity, unintentional subarach- 
noid injection during performance of caudal or lumbar epidural block or nerve blocks near the vertebral 
column (especially in the head and neck region) may result in underventilation or apnea. Also, hypotension 
due to loss of sympathetic tone, and respiratory paralysis or underventilation due to cephalad extension of 
the motor level of anesthesia, may occur, leading to secondary cardiac arrest if untreated. Factors influenc- 
ing plasma protein binding such as acidosis, systemic diseases which alter protein production or competi- 
tion of other drugs for protein binding sites, may diminish individual tolerance. 
Central Nervous System: Excitation and/or depression, restlessness, anxiety, dizziness, tinnitus, blurred 
vision, or tremors may occur, possibly convulsions. Excitement may be transient, depression being the first 
manifestation of an adverse reaction. Drowsiness merging into unconsciousness and respiratory arrest may 
quickly follow. Other CNS effects may be nausea, vomiting, chills, pupillary constriction. Incidence of 
convulsions varies with the procedure used and total dose administered. In studies of epidural anesthesia, 
overt toxicity progressing to convulsions occurred in approximately 0.1% of procedures. 
Cardiovascular: High doses of unintentional intravascular injection may lead to high plasma levels and 
related myocardial depression, decreased cardiac output, heart block. hypotension, bradycardia, ven- 
tricular arrhythmia including ventricular tachycardia and ventricular fibrillation, and cardiac arrest. (See 
WARNINGS, PRECAUTIONS, OVERDOSAGE.) 
Allergic: Rare, and may occur as a result of sensitivity to the local anesthetic or to other formulation ingre- 
dients such as the antimicrobial preservative methylparaben contained in multiple-dose vials or sulfites in 
epinephrine-containing solutions. Possible reactions: urticaria, pruritus, erythema, angioneurotic edema 
(including laryngeal), tachycardia, sneezing, nausea, vomiting, dizziness, syncope, excessive sweating, 
elevated temperature, perhaps anaphylactoid symptoms (including severe hypotension). Cross-sensitivity 
among members of the amide-type anesthetic group reported: value of sensitivity screening is unestablished. 
Neurologic: Incidence of adverse reactions associated with use of such drugs may be related to the total 
dose administered, and dependent upon the particular drug used, route of administration, and the patient's 
physical status. Many effects may be related to technique, with or without the drug being contributory. 

In performing caudal or lumbar epidural block, occasional unintentional penetration of the subarachnoid 
space by catheter or needle may occur. Subsequent adverse effects may depend partially on the amount of 
drug administered intrathecally and physiologic and physical effects of dural puncture High spinals are 
Characterized by leg paralysis, loss of consciousness, respiratory paralysis, and bradycardia. Effects 
following epidural or caudal anesthesia may include: spinal block of varying magnitude (including high or 
total spinal block); hypotension secondary to spinal block; urinary retention; fecal and urinary incontinence: 
loss of perineal sensation and sexual function; persistent anesthesia, paresthesia, weakness, paralysis of 
the lower extremities, and loss of sphincter control—all of which may show slow, incomplete, or no recovery; 
headache; backache; septic meningitis; meningismus; slowing of labor: increased incidence of forceps 
delivery, cranial nerve palsies due to traction on nerves from loss of cerebrospinal fluid. 

OVERDOSAGE: Acute emergency during therapeutic local anesthesia is generally related to high plasma 
levels or unintended subarachnoid injection of the solution. (See ADVERSE REACTIONS, WARNINGS. 
PRECAUTIONS.) 

The first consideration in management is prevention, best accomplished by careful, constant monitoring of 
Cardiovascular and respiratory vital signs and the patient's state of consciousness after each injection. Atthe 
first sign of change, administer oxygen. The first step in the management of systemic toxic reactions, as well 
as underventilation or apnea due to unintentional subarachnoid injection of drug solution, consists of 
immediate attention to the establishment and maintenance of a patent airway and effective assisted or 
controlled ventilation with 100% oxygen with a delivery system capable of permitting immediate positive 
airway pressure by mask. Endotracheal intubation may be indicated to meet the need for prolonged ventilatory 
support or if difficulty is encountered in the maintenance of a patent airway. 

If necessary, use drugs to control convulsions. A 50-100 mg bolus LV. injection of succinyicholine will 
paralyze the patient (without CNS or cardiovascular depression) and facilitate ventilation A 5-10 mg IV 
bolus of diazepam, or 50-100 mg of thiopental, will permit ventilation and counteract CNS stimulation, but 
these drugs also depress CNS, respiratory and cardiac function, add to postictal depression, and may Cause 
apnea. Intravenous barbiturates, anticonvulsant agents, or muscle relaxants should be administered only by 
those familiar with use. immediately after institution of ventilatory measures, circulatory adequacy should be 
evaluated; supportive treatment may require administration of LV. fluids and, when appropriate, a vasopres- 
sor dictated by the clinical situation (eg, ephedrine or epinephrine to enhance myocardial contractile force) 

Recent clinical data from patients experiencing convulsions induced by local anesthetics demonstrated 
rapid development of hypoxia, hypercarbia, and acidosis; with bupivacaine, within a minute of onset. These 
observations suggest that O, consumption and CO, production are greatly increased during the convul- 
sions and emphasize the importance of immediate ventilation with oxygen: if not treated effectively, convul- 
sions and their complications plus myocardial depression from direct effects of the local anesthetic may 
result in cardiac arrhythmias, bradycardia, asystole, ventricular fibrillation, or cardiac arrest. Respiratory 
abnormalities including apnea may occur, underventilation or apnea due to unintentional subarachnoid 
injection of the solution may also lead to these signs and cardiac arrest if ventilatory support is not insti- 
tuted. If cardiac arrest occurs, prolonged resuscitative effort may determine a successful outcome 

In treating systemic toxicity, maternal hypotension, or fetal bradycardia following regional block, avoid 
aortocaval compression by the gravid uterus. The supine position is dangerous in pregnant women. The 
parturient should be maintained in the left lateral decubitus position if possible, or manual displacement of 
the uterus off the great vessels be accomplished. (See Labor and Delivery in PRECAUTIONS.) 

Composition of Marcaine Solutions: 0.25%—each mL contains 2.5 mg bupivacaine. 05%—each mL 
contains 5 mg bupivacaine; 0.75%—each mL contains 7.5 mg bupivacaine. All concentrations contain NaCl 
for isotonicity in Water for Injection 

In multiple-dose vials, each mL also contains 1 mg methylparaben. With epinephrine, each mL also 
contains 0.0091 mg epinephrine bitartrate, 0.5 mg sodium bisulfite, 0.001 mL monothioglycerol, 2 mg 
ascorbic acid, 0 0017 mL 60% sodium lactate. and 0 1 mg edetate calcium disodium 
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Assessment of B-Adrenoceptor Blockade during Anesthesia 


in Humans: 


Use of Isoproterenol.Dose—Response Curves 


J. Dagnino, MD, and C. Prys-Roberts, DM, PhD, FFARCS 


DAGNINO J, PRYS-ROBERTS C. Assessment of B- 
adrenoceptor blockade during anesthesia: use of 
isoproterenol dose-response curves. Anesth Analg 
1985;64:305-11. 


Patients with hypertension or ‘ischemic heart disease are 
often treated with B-adrenoceptor antagonists, yet the de- 
gree of B-adrenoceptor blockade has rarely been studied in 
relation to anesthesia. We have constructed isoproterenol 
dose-response curves in four groups of patients under gen- 
eral anesthesia: group I, 27 elderly normotenstve patients 
not receiving drugs; group II, 14 hypertensive patients treated 
with cardioselective B-adrenoceptor antagonists; group III, 
15 hypertensive patients receiving nonselective B-adreno- 
ceptor antagonists; group IV, 13 patients recetving an in- 
fusion of labetalol at 0.15 mg-kg”}-hr~?. Geometric mean 


An increasing number of patients whose hyperten- 
sion, ischemic heart disease, or both are treated with 
B-adrenoceptor antagonists are presenting for anes- 
thesia and surgery. There is ample evidence that ad- 
equate B-adrenoceptor blockade will protect the car- 
diovascular system of these patients from undue 
increases in myocardial work and oxygen consump- 
tion caused by sympathetic overactivity occurring be- 
fore (1), during (2-4), and after surgery (5). Although 
there is consensus in maintaining therapy with 8- 
adrenoceptor antagonists in surgical patients (6-8), 
there is still considerable controversy and uncertainty 


on the timing of the last dose before surgery, and. 


especially on the postoperative management of these 
patients (9). 
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CDs, the dose of isoproterenol required to increase the heart 
rate by 25 beats/min was 4.4 wg (3.5-5.6, 95% confidence 
interval (CI) of the mean) in group I, and 27 ug (19-38, 
95% CI), 39 wg (29-52, 95% CI), and 95 ug (62-147, 
95% CI) in groups II, IH, and IV, respectively. All differ- 
ences were significant (P < 0.01), except those between 
groups II and III (P < 0.1). No signs of myocardial ischemia 
and only a few transient arrhythmias were observed. Iso- 
proterenol dose-response curves are a safe means to assess 
the degree of B-adrenoceptor blockade during anesthesia and 
the postoperative period. 


Key Words: HEART—f-adrenoceptor blockade, SYM- 
PATHETIC NERVOUS SYSTEM—f-adrenoceptor 
blockade. ANESTHESIA—cardiovascular. 


The quantitative assessment of $-adrenoceptor 
blockade is, therefore, of considerable clinical impor- 
tance. Among the various methods described for this 
assessment (10), only the isoproterenol sensitivity test 
is suitable for use during anesthesia and the postop- 
erative period, and it has been advocated as a means 
of guiding therapy with B-adrenoceptor antagonists 
in this context (3,11,12). Many studies of isoprotere- 
nol sensitivity have shown that the heart rate re- 
sponse to isoproterenol is influenced by age (13-15), 
hypertension (16-18), and the type of B-adrenoceptor 
agent (19,20). Most patients taking B-adrenoceptor 
antagonists for the treatment of hypertension or isch- - 
emic heart disease are older than 45 yr, yet we have 
found no adequate studies that quantitate isoprotere- 
nol sensitivity in such elderly patients. These are nec- 
essary to provide a baseline for pharmacodynamic 
studies of B-adrenoceptor blockade in the elderly pa- 
tient. We have, therefore, determined the dose—re- 
sponse curves to intravenous bolus doses of isopro- 
terenol in four groups of patients, awake and under 
general anesthesia, and compared these results with 
those obtained in young unanesthetized volun- 
teers (13). 
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Methods 


sixty-nine patients, whose medical and anthropo- 
metric data are shown in Table 1, were divided into 
four groups. 

Group I (n = 27) is comprised of elderly (47-75 yr) 
normotensive patients not receiving any drug therapy. 

Group IJ (n = 14) is comprised of hypertensive 
patients treated with a cardioselective B-adrenoceptor 
antagonist; 11 patients were receiving atenolol (Ten- 
ormin; 100 mg/day), 2 patients were receiving meto- 
prolol (Lopresor; 50 mg/day), and one patient was 
receiving 400 mg/day of acebutolol (Sectral). 

Group III (n = 15) is comprised of hypertensive 
patients being treated with nonselective B-adreno- 
ceptor antagonists; 11 patients were receiving 400- 
800 mg/day of labetalol (Trandate), 2 were receiving 
oxprenolol (Trasicor; 160 and 240 mg/day), respec- 
tively, and two patients were receiving (80 and 120 
mg/day, respectively) propranolol (Inderal). 

Group IV ( = 13) is comprised of patients receiv- 
ing a labetalol infusion at 0.15 mg-kg~*-hr! for in- 
duced hypotension or replacement therapy. 

Most patients received the last dose of their usual 
B-adrenoceptor antagonist within 2 hr of anesthesia, 
and most patients underwent major vascular or ab- 
dominal surgery under a standardized anesthetic 
technique. Induction was achieved with fentanyl (2— 
10 ug-kg~*), sodium thiopental (2-4 mg-kg~*) or Al- 
thesin (2-4 ml), and pancuronium (0.08 mg-kg~*). 
Anesthesia was maintained in all cases with N2O (67%) 
and O; (33%), and two-thirds of the patients received 
halothane (0.5-1%). Ventilation was controlled (Pen- 
lon, Oxford Ventilator) using a circle system without 
CO, absorber, and normal end-tidal carbon dioxide 
concentration was maintained by adjusting the fresh 
gas flows. Approval from the District Ethical Com- 
mittee and informed consent were obtained. 


Isoproterenol Sensitivity Test 


The method followed was that described previously 
by Cleaveland et al. (13). The peak increase in heart 
rate, from a consistent resting value for each patient, 
was measured in response to at least four graded 

intravenous bolus injections of isoproterenol sulfate. 
The initial dose was 0.2 ug in the normotensive pa- 
tients and 1 ug in patients receiving B-adrenoceptor 
antagonists. The dose was then progressively in- 
creased until the heart rate had increased by 25 beats/ 
min or little more. Heart rate was allowed to return 
to baseline before subsequent doses of isoproterenol 
were given. Individual log dose-response curves were 
then constructed, and the dose of isoproterenol re- 
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Table 1. Anthropometric and Medical Data of the 
Four Groups 


GroupI Group Group II] Group IV 
n 27 14 15 13 
Age (yr + SD) 62 +8 59247 59 + 10  56=10 
Weight (kg + sp) 66 +12 69+10 69+15 702 14 
IHD" 4 7 6 5 


"Patients with ischemic heart disease evidenced by angina or previous 
myocardial infarction. 


quired to increase the heart rate by 25 beat/min, the 
chronotropic dose 25 (CD25), was determined by in- 
terpolation. The CD25 was always positioned on the 
lower part of the straight central section of the sigmoid 
dose-response curve. When two or more dose—re- 
sponse curves were obtained in the same patient, the 
mean values were taken. The heart rate changes were 
computed electronically by means of an R-wave trig- 
gered instantaneous rate meter (Devices 4522). The 
ECG, with leads in a CM5 configuration, was contin- 
uously displayed on a Hewlett-Packard 78304A am- 
plifier and signs of myocardial ischemia or arrhyth- 
mias were sought for and recorded. The ECG and 
instantaneous heart rate were continuously recorded 
by a Mingograph 81 (Elema-Schonander) ink-jet 
recorder. 

In 32 patients (15 elderly normotensives, 10 pa- 
tients receiving a cardioselective B-adrenoceptor an- 
tagonist, and 7 patients receiving a nonselective B- 
adrenoceptor antagonist), the direct arterial pressure 
changes, measured through a brachial artery cannula 
connected to a P23ID Gould-Statham transducer and 
to the Hewlett-Packard amplifier, were recorded dur- 
ing the isoproterenol dose-response studies. 

In 13 patients (6 elderly normotensives and 7 pa- 
tients receiving a cardioselective B-adrenoceptor an- 
tagonist), isoproterenol dose-response curves were 
performed just before induction of anesthesia and then 
repeated during steady-state anesthesia. In 11 pa- 
tients two, and in 5 patients three, isoproterenol dose- 
response curves were repeated during anesthesia to 
assess individual variability. 


Statistics 


A two-way analysis of variance and unpaired Stu- 
dent’s t-tests were used on the log-transformed CD25 
to compare groups. A similar analysis, with paired 
and unpaired Student's t-tests, was used to assess 
blood pressure changes. Bonferroni’s transformation 
for multiple comparisons was used to control the error 
rate (21). Linear regressions were done using the least 
squares method. 
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Figure 1. Distribution of the isoprotere- INFUSIO 


nol sulfate doses that induced a heart 
rate increase of 25 beats/min (CD25) in 
the four groups. Isoproterenol sulfate 
equivalents of the data obtained by 
Cleaveland et al. (13) in young volun- 
teers and those obtained by Prys-Rob- 
erts (3) in renovascular hypertensives re- 


NON-SELECTIVE 
B-BLOCKADE 
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ceiving very high doses of propranolol B-BLOCKADE 
are included for comparison. Arrows in- 

dicate the geometric mean and the 95% 
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NO B8-BLOCKADE 


ferences are significant (P < 0.01) except 
that between groups II and III (P < 0.1). 


YOUNG 
VOLUNTEERS 


Results 


Figure 1 and Table 2 show the distribution of the CD25 
in the four groups, expressed as geometric means and 
95% confidence intervals of the mean, demonstrating 
the wide and skewed intersubject variability. Figure 
2 shows the averaged dose-response curves for each 
group. The data obtained by Cleaveland et al. (13) in 
young volunteers and those of Prys-Roberts (3), ob- 
tained in renovascular hypertensives receiving very 
high doses of propranolol, are included for compar- 
ison. All differences are significant (P < 0.01) except 
that between groups II and III (P < 0.1). 

The overall variation for the CD-s in the same in- 
dividuals was 18.7% and was similar in patients with 
or without B-adrenoceptor blockade. 

In the six elderly normotensives, the geometric mean 
CD-s obtained before induction was 5 pg (3.74-6.26 
pg, 95% Cl), and that obtained under anesthesia was 
6.3 ug (4.85-7.72, 95% CI). In the seven patients re- 
ceiving cardioselective B-adrenoceptor antagonists 
these values were 27.7 wg (26—29.4 ug, 95% Cl) and 
26.6 ug (24.8-28.3, 95% CI), respectively. Both dif- 
ferences were statistically insignificant. 

There was a significant decrease of systolic and 
diastolic arterial pressure in response to the CD25 dose 
of isoproterenol in the normotensive patients and in 
patients receiving a cardioselective B-adrenoceptor 
antagonist (Fig. 3). The mean decrease was 18% for 
systolic and diastolic pressures in the normotensives 





ANESTH ANALG 307 
1985;64:305--11 


TE 


I se è 00 o aok o o See * 


1 10 100 §00 
ISOPROTERENOL ( ug ) 


Table 2. Dose in ug of Isoproterenol Sulfate that 
Produced an Increase in Heart Rate of 
25 beats/min (CDs) 


Group I Elderly normotensives 4.41 (3.49-5.57) 
Group H Cardioselective blockade 27 (19.38) 
Group If Nonselective blockade 39 (29-52) 
Group IV Labetalol infusions 95 (62--147) 


Values are geometric means and (95% confidence intervals of the mean). 
All differences are significant {P < 0.01) except that between groups I] and 
HI (P < 0.1). For comparison 1 pg of isoproterenol sulfate is equivalent to 
0.89 ug of isoproterenol hydrochloride and contains 0.758 ug of isoproterenol 
base. 


and 17% for systolic and 23% for diastolic arterial 
pressure in group II patients. By contrast, there was 
no significant change in either systolic or diastolic 
pressure in patients receiving a nonselective B-adre- 
noceptor antagonist (groups III and IV). 

Transient arrhythmias were observed in 9 of the 
69 patients. Six of these were observed in group I 
patients and only three in patients receiving B-adre- 
noceptor antagonists. In six cases they were isolated 
ventricular ectopic beats, in two cases junctional 
tachycardias, and in one case a combination of both. 
Isolated ventricular ectopic beats were observed in 
one of the patients treated with a B-adrenoceptor an- 
tagonist while he was receiving 1% halothane, but 
did not occur again when the isoproterenol dose- 
response curve was repeated while under 0.5% hal- 
othane. No electrocardiographic signs of myocardial 
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ischemia were observed. No correlation was found 
between the CD»; and age, sex, weight, initial heart 
rate, or blood pressure. 


Discussion 


Considering how many patients presenting for anes- 
thesia and surgery are receiving B-adrenoceptor an- 
tagonists as part of their medical therapy, very little 
attention has been paid to defining the extent of their 
B-adrenoceptor blockade before, during, and after 
anesthesia. Although isoproterenol dose-response 
curves have been used to define the agonist—antag- 
onist interaction since the introduction of B-adreno- 
ceptor antagonists and have been applied extensively 
in pharmacology and clinical medicine, their appli- 
cation in anesthesia has been limited (3,11). Never- 
theless there is a great need for a method that can 
quantitate the state of B-adrenoceptor blockade, not 
only during anesthesia but also during the postop- 
erative management of patients who cannot absorb 
drugs taken by mouth. 

Although a rapid resting heart rate may, by im- 
plication, indicate inadequate B-adrenoceptor block- 
ade, a slow resting heart rate does not necessarily 
imply adequacy. A number of other factors, related 
to disease states and their drug therapy, can be as- 
sociated with slow heart rates in the absence of any 
B-adrenoceptor blockade. Heart rates below 50 beats/ 
min are not uncommon in patients with mild un- 
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Figure 2. Averaged isoproterenol dose- 
response curves for the four groups in- 
cluded in the present study, together with 
data from young volunteers (age 21-33 
yr) in Cleaveland et al. (13) and high 
dose propranolol patients from Prys- 
Roberts (3). Mean values + sD are shown 
for each point. 


500 


treated hypertension, and also in patients under ther- 
apy with cardiac glycosides, verapamil, and a number 
of antihypertensive drugs other than the B-adreno- 
ceptor antagonists. Cardiologists and physicians com- 
monly evaluate the adequacy of B-adrenoceptor ther- 
apy by exercise testing their patients, but this is not 
practical during anesthesia or in the intensive care 
unit. 

Having previously used the isoproterenol dose- 
response as a means of quantifying B-adrenoceptor 
blockade in experimental animals (11) and in patients 
undergoing surgery during therapy with huge doses 
of propranolol (3), we have sought to establish the 
value of this test in determining the degree of B-adre- 
noceptor blockade in patients presenting for anes- 
thesia. Many of these patients receive their drugs on 
the morning of proposed surgery, whereas others may 
have received their last dose on the evening before 
surgery. Depending on the pharmacokinetic profile 
of the B-adrenoceptor antagonist, prediction of the 
adequacy of B-adrenoceptor blockade is difficult. A 
further complication has been the relative lack of data 
on the response of elderly normotensive patients to 
isoproterenol. 

The results of this study show that the isoprotere- 
nol sensitivity test is safe, simple, and the only one 
suitable for use during anesthesia and the postoper- 
ative period. We have shown that data obtained in 
young patients or volunteers cannot be used as the 
baseline standard for the response of the older patient 
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taking -adrenoceptor antagonists for the treatment 
of hypertension or ischemic heart disease. Although 
we have found wide intersubject variability as ex- 
pressed in the range of CDs values determined in 
each group, the overlap between blocked and un- 
blocked patients (Fig. 1) was minimal. In a separate 
publication (22) we have been able to correlate the 
CD-s with plasma concentrations of labetalol or aten- 
olol during infusions of these drugs. We can therefore 
confirm the validity of this test as a pharmacodynamic 
tool for the anesthesiologist. The variability of re- 
sponse of the individual patient was much better than 
that of each group in that our within-patient varia- 
bility of CD-s was 18.7%, a value similar to that de- 
termined by others (13,23). 

The heart rate response to isoproterenol has two 
components. The first and most important one is the 
direct effect of the agonist on £, adrenoceptors in the 
heart. The second is indirect, a reflex vagal with- 
drawal secondary to the decrease in arterial pressure 
caused by the stimulation of 62 adrenoceptors in pe- 
ripheral blood vessels (24). This fact is of major im- 
portance for the interpretation of isoproterenol dose- 
response curves, and in their use for the assessment 
of P-adrencceptor blockade, because factors that 
produce alterations of the baroreflex component can 


p<0.01 N.S. 


B1 BLOCKER 
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B1B2 BLOCKER 
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modify the heart rate response to isoproterenol with- 
out necessarily meaning a different degree of B-adre- 
noceptor sensitivity. Failure to recognize this fact 
could lead to confusion in the interpretation of results. 

Isoproterenol sensitivity decreases with age (13- 
15). A true decrease in the B;-adrenoceptor mediated 
response (15,25) is at least partially responsible for 
this correlation, but the decrease in baroreceptor re- 
sponsiveness with advancing age (26) is probably as 
important. Decreased B-adrenoceptor affinity for ag- 
onists has also been demonstrated in leukocytes from 
elderly patients (27). We did not find a correlation 
between age and the CD; within our group of elderly 
normotensives. This could be due to the fact that we 
examined a narrow age band at only one end of the 
age range, but it could also mean that vagal with- 
drawal is only important in the younger age groups 
with intact baroreflex responses. This is supported by 
the fact that, although anesthesia significantly de- 
presses baroreflex activity in humans (28), we found 
no difference between the awake and anesthetized 
isoproterenol sensitivity in our group of elderly 
normotensives. 

Another factor that alters the response to isopro- 
terenol is hypertension (15-18). The difference in CD>; 
between normotensive and hypertensive patients has 
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been shown to be due mainly to the decreased baro- 
receptor sensitivity seen in the latter (26), because it 
disappears when isoproterenol dose-response curves 
are repeated after autonomic blockade with atropine 
and clonidine (18). 

The contribution of vagal withdrawal to the heart 
rate response to isoproterenol is also evidenced when 
patients receiving selective or nonselective 6-adreno- 
ceptor antagonists are compared (20,29). At doses 
judged to be equipotent by exercise testing, propran- 
olol, a nonselective $-adrenoceptor antagonist, 
produced a greater displacement to the right of the 
isoproterenol dose—response curve than the cardiose- 
lective B-adrenoceptor antagonist practolol. The dif- 
ference between the CDs was found to be tenfold, 
but a fourfold difference still persisted after blockade 
with atropine. This fact probably means that other 
factors, still unidentified, as well as reflex vagal with- 
drawal, are responsible for the difference in isopro- 
terenol sensitivity between the two types of B-adreno- 
ceptor antagonists. 

We found little difference between the CD 5 values 
for our groups of patients treated with cardioselective 
or nonselective antagonists, despite the fact that all 
these patients were hypertensive and that all tests 
were done under anesthesia so that the contribution 
of vagal withdrawal was probably negligible. As the 
B-adrenoceptor doses in our patients were those clin- 
ically determined to be effective, this could mean that 
the nonselective agents produce their antihyperten- 
sive effect at lower degrees of B-adrenoceptor block- 
ade than their selective counterparts. Alternatively, it 
could reflect the a-adrenergic blocking action of la- 
betalol, because most patients in group HI were being 
treated with this drug. 

It has been argued that the isoproterenol sensitivity 
test is contraindicated in patients with ischemic heart 
disease because of the danger of inducing myocardial 
ischemia or arrhythmias (30). Yet with careful mon- 
itoring and limiting of the dose of isoproterenol to 
produce increases in heart rate of 25 beats/min, or 
little more, we found no evidence of myocardial is- 
chemia and only a few transient arrhythmias after 
more than 250 injections of isoproterenol. It must be 
stressed that nearly half of the patients receiving £- 
adrenoceptor antagonists had evident ischemic heart 
disease. Responses to graded exercise, widely ac- 
cepted in cardiological practice, frequently involve heart 
rate increases up to 130-140 beats/min (31), and usual 
end-points for the test include signs of myocardial 
ischemia and serious arrhythmias (32). 

Probably the most important use of the isoprotere- 
nol test lies in the guidance of substitution therapy 
during the postoperative period in patients unable to 
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receive their normal B-adrenoceptor antagonist orally 
(22). The wide differences in bioavailabilities between 
the different B-adrenoceptor antagonists and the fact 
that not all of them are obtainable in intravenous for- 
mulation make it very difficult to provide a rational 
therapy without monitoring the degree of B-adreno- 
ceptor blockade. 


We are grateful to Professor R.C.N. Williamson, and to Mr. R.N. 
Baird, Mr. D.J. Leaper, and Mr. N.J. Mortensen for permitting us 
to study patients under their care, and we are indebted to Mr. J. 
Dye for his invaluable technical assistance. 
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We compared the effects of 15 and 60 pg/kg fentanyl used 


for induction in 40 patients, 50-72 yr old, with coronary ` 


artery disease and mildly impaired ventricular contractility. 
Morphine (0.1 mg/kg) and scopolamine (0.4 mg) were used 
for premedication. Crystallotd (500 ml) was administered 
before induction, and nitroglycerin (0.3 ug» kg~smin-") 
was infused during the study. Fentanyl, 15 or 60 pglkg, 
was administered at a rate of 1.2 wg -kg~*sec~’. Pancu- 
ronium (0.04 mg/kg) and metocurine (0.16 mg/kg) were 
used for muscle relaxation. Data were collected 2 min before 
induction (baseline), before intubation (3 min), at 6 min, 
and at 13 min. Responses to 15 and 60 pg/kg were similar. 


Induction of anesthesia with fentanyl produces min- 
imal effects on the heart and circulatory system. Alone 
or in combination with other agents, fentanyl sup- 
presses hemodynamic responses to laryngoscopy and 
tracheal intubation. These properties permit anes- 
thesia to be induced uneventfully in patients with 
cardiac disease. 

Early studies with fentanyl were done using slow 
administration of the drug (1). It has since become 
evident that the protracted induction time required 
with morphine is not necessary with fentanyl because 
fentanyl causes little histamine release (2) and little 
vasodilation in comparison with morphine (3). Trun- 
cal rigidity and airway obstruction (4), which may 
occur with the rapid administration of fentany] (5,6), 
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At 3 min the heart rate (HR) in patients given 15 pgikg 
increased by 6; whereas the HR in those given 60 pg/kg 
increased by 14 (P < 0.01). Subsequent differences in HR 
were not significant. There were no dose-related differences 
in mean arterial pressure, cardiac index, central venous 
pressure, or pulmonary capillary wedge pressure. The EEG 
showed high-voltage low-frequency activity within 2 min 
in all patients. Arterial plasma fentanyl concentrations at 
3 min averaged 25.9 + 3.8 ng/ml with 15 ugikg and 89.9 
+ 15.2 ng/ml with 60 ugikg. At 4 hr, plasma concentra- 
tions averaged 0.4 + 0.2 ng/ml and 3.6 + 0.7 ng/ml, 
respectively. We conclude that anesthesia for induction and 
intubation is achieved by the rapid administration of 15 
uglkg fentanyl and that 60 g/kg has no substantially dif- 
ferent effect on cardiovascular responses. 


Key Words: ANESTHESIA—cardiovascular. ANES- 
THETICS, INTRAVENOUS-—fentany]l. 


can be eliminated by the administration of a muscle 
relaxant (7). Fentanyl appears to have a flat 
dose-response curve above 30 ng/ml serum concen- 
tration in animals (8), and in humans a wide range 
of serum levels is tolerated well (9,10). The purpose 
of this study was to ascertain whether the dose of 
fentanyl, above some lower limit, has an effect on the 
depth of anesthesia and on cardiovascular responses 
during induction and tracheal intubation. _ 

The lower limit for the induction dose has not been 
defined, but 30 wg/ke appears to be as satisfactory as 
60 ug/kg for induction and tracheal intubation (11). 
Average doses as low as 11-18 ug/kg (9) administered 
over several minutes have been used for induction of 
anesthesia in patients with coronary artery disease. 
More rapid administration produces transiently higher 
serum levels (10). Therefore, it seems likely that fixed 
doses of 15 pg/kg, administered rapidly, would pro- 
vide satisfactory induction and anesthesia for tracheal 
intubation. However, there is limited experimental 
evidence to suggest that 15 wg/kg fentanyl alone is 
inadequate for induction (12) and that 50 ug/kg de- 
presses cardiac output (13). 

We compared rapidly administered doses of 15 ug/kg 
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Figure 1. Sequence of events during induction. Actual times for 
recording of hemodynamic data were within 20 sec of the times 
indicated. Samples for plasma fentanyl concentration were drawn 
concurrently with recording of hemodynamic data. 


fentanyl with doses of 60 g/kg. Hemodynamic and 
electroencephalographic responses, plasma fentanyl 
concentrations during induction and after tracheal in- 
tubation, and plasma fentanyl levels 4 hr after in- 
duction were measured. 


Methods 


Approval was obtained from the institutional com- 
mittee on human research. Subjects were 40 patients 
of both sexes, 50-72 yr old, with arteriosclerotic coro- 
nary artery disease, who were scheduled for coronary 
artery bypass surgery. Patients who had severely im- 
paired ventricular function, valvular disease, or sys- 
temic disease other than diabetes or hypertension were 
excluded. Patients who consented were alternately 
assigned to receive either 15 or 60 ug/kg fentanyl for 
induction of anesthesia. Left ventricular (LV) function 
was graded according to the cardiologist’s evaluation 
of overall contractility demonstrated on the ventric- 
ulogram; 22 patients had normal contractility, 17 had 
mild impairment, and one had moderate impairment. 
Preoperative medical management included B-block- 
ing agents (23 patients), calcitum-channel blocking 
agents (11 patients), and long-acting nitrate or nitrite 
preparations (14 patients). Retrospective analysis 
showed no significant difference between the high- 
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Table 1. Arterial Plasma Fentanyl Concentrations during 
and after Induction with 15 and 60 ug/kg Fentanyl 





Dose 
Time: 15 pg/kg 60 pg/kg 
—2 min 0.0 + 0.0 00+ 0.0" 
3 min 25.9 + 3.8 89.8 + 15.2 
6 min 13.1 + 2.1 36.9 + 4.2 
13 min 4.2 + 1.6 23.0 + 2.7 
4 hr 0.4 + 0.2 36 + 0.7 
‘Mean plasma fentanyl concentration (ng/ml + sem); n = 10. 


dose and low-dose groups with respect to either pre- 
operative LV function or drug therapy. Preoperative 
medications were administered according to the pa- 
tient’s usual schedule until anesthetic premedication 
was given. 

Patients were brought to the operating room 15-45 
min after premedication with morphine sulfate (0.15 
mg/kg), scopolamine hydrobromide (0.4 mg) intra- 
muscularly and transcutaneous nitroglycerin (NTG; 
NitroDur, 5 mg). A radial arterial cannula, an intra- 
venous cannula, and a _ thermistor-tipped flow- 
directed pulmonary artery catheter were placed per- 
cutaneously with the patient under local anesthesia. 
Monitoring included a Vs ECG lead and a bipolar EEG 
lead (left frontal-mastoid). Administration of lactated 
Ringer’s solution (500 ml over 10 min) was begun. 
Infusion of NTG (0.3 ugkg`!-min™t) was started and 
continued until after the last hemodynamic measure- 
ment. The operating room table was placed in a 5° 
head-down tilt. Induction was begun 5 min later. After 
preoxygenation for one min, one-fifth of a total mus- 
cle relaxant dose of 0.04 mg/kg pancuronium bromide 
and 0.16 mg/kg metocurine iodide was administered 
via a central venous port, followed immediately by 
fentanyl at a rate of 1.2 ug-kg~'sec”’, and then by 
the remainder of the relaxant dose administered as a 
bolus. Positive pressure ventilation with oxygen via 
mask was begun when the patient became apneic. 
Laryngoscopy and placement of a cuffed orotracheal 
tube were begun 3 min after the start of fentanyl 
administration and were completed in 45 sec or less. 
Mechanical ventilation with oxygen at a rate of 10 
breaths/min with a tidal volume of 8 ml/kg was then 
instituted. A urethral catheter and an orogastric tube 
were placed, and skin preparation was begun be- 
tween 6 and 13 min after the beginning of fentanyl 
administration. After the last hemodynamic mea- 
surements for the study were made, 1% halothane 
was added to the inspired gas. The concentration of 
halothane was adjusted as required for maintenance 
of anesthesia. 

Events were timed in relation to the start of fen- 
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Table 2. Hemodynamic Data during Induction of Anesthesia with 15 and 60 pg/kg Fentanyl 

Fentanyl After Before 

dose (g/kg) Control After induction intubation incision 

HR (beats/min)" 15 61 + 12 67 4:15 72 + 20” 67 + 14 
60 65 + 11 79 + 12b0<4 81 + 14° 74 x 14° 

MAP (torr)? 15 86 + 15 74 + 15° 88 + 16 87 + 15 
60 89 + 18 82 + 17 95 + 20 94 + 19 

MPAP (torr)* 15 18 +5 17 + 6 17 + 6 17 +5 
60 17-5 19 + 7 20°: 7 21 + 6° 

CVP (torr)* 15 645 6+4 7 + 4 8 + 4 
60 FES 8+ 3 9 + 3 10 + 3” 

PCWP (torr)’ 15 9+4 104 104 ll + 4 

60 11 +4 135 135 13 + 4 
CI (L-min` t-m?) 15 2620.5 2.5 + 0.6 2.8 + 0.9 2.6 + 0.6 
60 2.8 + 0.8 3.0 + 0.7 3.2- 40. 32 e 07 
SVR (dyne-sececm7°) 15 1381 + 377 1212 + 348 1318 + 407 1365 + 403 
60 1226 + 383 1020 + 285° 1141 + 337 1112 + 310 

LVSWI (gemm? 15 45 + 12 33 211" 41 + 14 44 + 15 
60 46 + 10 35 + 11" 43 + 11 46 + 10 


Values expressed as means + sD. 


‘Denotes variables for which the measurements subsequent to the baseline measurements are different from baseline (P < 0.001). 
"The value for this dose at the indicated time is significantly different from the corresponding baseline value (P < 0.01). 
‘The change from the baseline measurement with 60 ng/kg is significantly different from the change from the baseline measurement with 15 pg/kg (P < 


0.01). 


‘The value for the group given 60 pg/kg is significantly different from the value for the group given 15 ug/kg (P < 0.01). 


tanyl infusion (0 min). Hemodynamic data and blood 
samples were taken before fentanyl infusion (—2 min), 
just before tracheal intubation (3 min), after intuba- 
tion (6 min), and at 13 min (Fig. 1). The timing of data 
collection and withdrawal of arterial blood samples 
was no more accurate than + 20 sec because mea- 
surements and sampling using the same catheter were, 
of necessity, taken sequentially. Pressures were trans- 
duced (Bentley Trantec 800) with the zero referenced 
to 10 cm above the table at the fourth intercostal space. 
Waveforms were displayed on a 4-channel oscillo- 
scope monitor (E for M model IM/OM-4), which also 
provided a digital display of mean pressures. A Gould 
cardiac output computer was used to derive cardiac 
output; thermodilution cardiac output measurements 
were performed in duplicate using 10 ml of room- 
temperature D5W. The cardiac output at each data 
point was taken to be the average of the duplicate 
measurements. The correlation coefficients between 
individual determinations constituting duplicates was 
0.88. The EEG was continuously recorded and dis- 
played in a processed and compressed form on a Neu- 
rometrics EEG computer. The EEG data were inter- 
preted by comparison to reference patterns. 

Arterial plasma samples for assays of fentanyl lev- 
els were stored in glass tubes at — 20° until collection 
of patient data was completed. Radioimmunoassays 
were done using FEN-RIA-200 kits manufactured by 
the Institut National des Radideléments (Belgium) us- 
ing methods described by the manufacturer; the ma- 
terials and methods for this assay are similar to those 


of Michiels et al. (14). Data from the 11 most recent 
patients in each group were reviewed. Technical 
problems occurred with one sample in each group; 
these values were discarded, leaving valid plasma 
concentrations for 10 patients in each group. 

On the first or second day after surgery, patients 
were interviewed to evaluate recall. Patients were asked 
specifically whether they recalled the operating room, 
the anesthesia mask, or any subsequent event. 

Statistical analysis was done using the BMDP pro- 
gram library (BMDP Statistical Software, Los Angeles, 
CA). For each variable, repeated-measures analysis 
of variance was used to examine differences between 
the two treatment groups and the four times. For 
variables having significant changes relative to the 
control values, Student’s t-tests were done to assess 
specific differences between groups at each of the four 
times. The differences between high-dose and low- 
dose groups with respect to the changes from control 
were evaluated by paired t-test. In order to take the 
multiple testing into account, each test was consid- 
ered significant only if the P value was less than 0.01. 
Correlation coefficients were computed using Pear- 
son’s product—moment formula; confidence inter- 
vals for correlation coefficients were computed using 
Fisher z values. 


Results 


Plasma fentanyl levels differed significantly in the 
groups given 15 and 60 g/kg, initially corresponding 
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to the difference in dose (Table 1). The plasma con- 
centration immediately before intubation averaged 25.9 
+ 3.8 ng/ml (+ SEM) with 15 we/kg and 89.8 + 15.2 
ng/ml with 60 wg/kg. Four hours later the average 
levels were 0.4 + 0.2 ng/ml and 3.6 + 0.7 ng/ml, 
respectively. 

Hemodynamic data are shown in Table 2. Differ- 
ences in baseline values between the groups were not 
significant. Relative to the baseline, there were sig- 
nificant changes at some point during induction in 
average values for heart rate (HR), mean arterial pres- 
sure (MAP), central venous pressure (CVP), mean 
pulmonary artery pressure (MPAP), systemic vascu- 
lar resistance (SVR), and left ventricular stroke work 
index (LVSWI) for one or both groups of patients. 
Changes in pulmonary capillary wedge pressure 
(PCWP) and cardiac index (CI) were not significant. 

The hemodynamic responses with 15 and 60 pg/kg 
were similar (Fig. 2). Three minutes after the start of 
induction, the average HR of the group given 15 pg/kg 
had increased by 6 beats/min, whereas the HR of the 
group given 60 ug/kg increased by 14 beats/min; this 
difference between groups is statistically significant 
(Table 2). Subsequent differences in HR between 
groups were smaller and not significant. At the last 
point, 13 min after the start of induction, the MPAP 
with 15 ug/kg had increased by 1 mm Hg, whereas 
the MPAP with 60 ug/kg increased by 4 mm Hg; the 
change from baseline MPAP was significantly greater 
with 60 ug'kg. There were no other significant differ- 
ences between the groups given 15 or 60 ug/kg fentanyl. 

Although average values of hemodynamic data 
during induction remained similar to baseline values, 
individual variation was considerable. Correlations 
between baseline and subsequent values as well as 
the absolute values were similar with both 15 and 60 
pg/kg, and for simplicity the groups were pooled for 
the correlation data presented in Table 3. Correlation 
coefficients comparing baseline values with subse- 
quent values for the same patient were between 0.6 
and 0.8. The scatter plots for HR, MAP, and Cl (Fig. 
3) show postintubation values compared with baseline 
values and illustrate the changes in individual patients. 

In all patients, the electrocardiogram remained un- 
changed except for an increase in sinus rate above 
control levels at each of the three times HR was re- 
corded (3, 6, and 13 min after the start of fentanyl 
administration). The processed EEG changed from an 
awake pattern with predominant alpha activity to a 
pattern consistent with deep narcotic anesthesia (high 
voltage delta with little high-frequency activity) within 
2 min after the beginning of induction. After the tran- 
sition to a narcotic anesthesia pattern, there were no 
further changes in the EEG throughout the 13-min 
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Figure 2. Hemodynamic changes during induction with 15 or 60 
pg/kg fentanyl. Values are expressed as percentage of change of 
the average values relative to baseline values. Fentanyl infusion 
was begun at time 0; baseline values were measured 2 min earlier 
(—2 min). Laryngoscopy and intubation were performed imme- 
diately after the 3-min data point. Absolute values, standard errors, 
and the results of statistical analysis are listed in Table 2. 


study period. Patient movement occasionally oc- 
curred within the first 3 min after the start of induc- 
tion. The use of the muscle relaxants precluded move- 
ment after 3 min. There were no episodes of high- 
frequency high-amplitude EEG activity suggestive of 
cortical seizures. 

No patients recalled events in the operating room 
subsequent tc breathing through an anesthesia mask. 
Of 20 patients given 15 g/kg of fentanyl, 6 did not 
recall preoperative events after arrival in the operating 
room, 12 recalled placement of percutaneous cathe- 
ters, and 2 recalled the anesthesia mask. Of 20 pa- 
tients given 60 ug/kg, 4 did not recall events occurring 
after arrival in the operating room, 8 recalled place- 
ment of percutaneous catheters, and 8 recalled the 
anesthesia mask. Differences in recall were not sig- 
nificant by y? analysis. There were no anesthetic com- 
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Table 3. Correlation of Postinduction Hemodynamic Values with Preinduction Values 


After induction 


HR (beats/min) 0.76 (0.52-0.89)* 
MAP (torr) 0.73 (0.47-0.87) 
MPAP (torr) 0.76 (0.52-0.89) 
CVP (torr) 0.75 (0.50-0.88) 
PCWP (torr) 0.72 (0.45-0.87) 


After intubation 


0.77 (0.54-0.89) 
0.77 (0.54-0.89) 
0.64 (0.33-0.83) 
0.81 (0.61-0.91) 
0.66 (0.35-0.84) 
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Before incision 


0.77 (0.54-0.89) 
0.75 (0.50-0.88) 
0.69 (0.41-0.85) 
0.74 (0.49-0.88) 
0.69 (0.41-0.85) 


CI (L-min~ m?) 


0.62 (0.32-0.82) 
SVR (dyne-secccm ~°) 


0.73 (0.47-0.87) 


*Correlation coefficient and 99% confidence interval. 


plications, and all patients, except one who had a 
small pneumothorax, were discharged from the ICU 
on the first postoperative day. 


Discussion 


Our results demonstrate that there is little difference 
between 15 and 60 yg/kg doses of fentanyl for in- 
duction of anesthesia; the heart rate was transiently 
higher with 60 ug/kg than with 15 ug/kg fentanyl, 
and late in induction, the pulmonary artery pressure 
was higher in the group given 60 ug/kg doses. The 
differences in HR and MPAP were small and of little 
clinical importance. The use of a pancuronium bro- 
mide and metocurine iodide mixture at a dose twice 
the EDəs does have an effect on HR similar (15) to the 
changes observed in this study. Because the group 
given 60 ug/kg fentanyl received most of the relaxant 
mixture 30 sec later than the group given 15 yug/kg, 
it is possible that the design of our study contributed 
to the observed difference in HR between the groups. 

Although stability of hemodynamic function is re- 
garded as one of the characteristics of anesthetic in- 
duction with fentanyl, it should be noted that in a 
previous study (1), stability of the average values was 
shown. The values of hemodynamic parameters av- 
eraged over many patients may be relatively constant 
during induction, but changes in values for individual 
patients may be substantial. We found correlations of 
postinduction values with baseline values to be in the 
range of 0.6-0.8, consistent with acceptable hemo- 
dynamic stability in most cases. However, the values 
for individuals are seen to change from the baseline 
values more than would be anticipated from analysis 
of average values alone. The correlations of postin- 
duction values with baseline measurements are least 
for cardiac index, and it is likely that the experimental 
error inherent in cardiac output measurements (16) 
contributed to the lower correlations. 

The present results pertain to a specific set of clin- 
ical and experimental circumstances. The patients were 


0.66 (0.37-0.84) 
0.80 (0.59-0.91) 


0.60 (0.26-0.80) 
0.62 (0.32-0.82) 


premedicated and were at least 50 yr old. These two 
factors may facilitate the use of a low dose of anes- 
thesic for induction. Also, ventricular function in our 
patients was not severely impaired, and this may min- 
imize any deleterious effects caused by rapid admin- 
istration of fentanyl. Patients were premedicated with 
nitroglycerin, and its administration was continued 
throughout the induction. All patients were given a 
500-ml crystalloid infusion, and anesthesia was in- 
duced in a 5° head-down tilt, in an attempt to optimize 
preload during administration of NTG and fentanyl. 
The rationale for NTG administration was to minimize 
the risk of ischemic episodes occurring during the 
study period, and to avoid the need to administer 
additional drugs during the course of the study. How- 
ever, it is unclear whether the administration of NTG 
and manipulation of preload were important. 

From these data, we are unable to interpret the 
observed small changes in CVP, PCWP, and LVSWI. 
During induction, ventilation changes from sponta- 
neous to controlled; and after intubation, airway re- 
sistance and the pattern of ventilation is further mod- 
ified. Thus the mean intrathoracic pressure will vary 
during induction. It is clear from other studies that 
the effects of changes in intrathoracic pressure on 
cardiac filling cannot be assessed accurately by si- 
multaneous measurement of intrathoracic and intra- 
vascular or intracardiac pressures (17). 

The EEG monitor used in this study did not provide 
quantitative information. Qualitatively, with both 15 
and 60 ug/kg doses, the EEG pattern was consistent 
with deep narcotic anesthesia (18,19) before intuba- 
tion and throughout the 13-min study period. This 
suggests that anesthetic levels of fentanyl were pres- 
ent in the brain even with the 15 wg/kg dose. Reports 
of convulsions associated with fentanyl administra- 
tion in patients in whom the EEG was not monitored 
(20,21) are of concern, but they are difficult to inter- 
pret because patient movement may occur during in- 
duction, as in our study, without EEG evidence of 
cortical seizures. A report based on extensive expe- 
rience with EEG monitoring during induction of anes- 
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Figure 3. Heart rate, blood pressure, and cardiac index before in- 
duction and after intubation in individual patients receiving 15 or 
60 ng/kg of fentanyl. Laryngoscopy and intubation were performed 
3 min after the start of fentanyl administration. Postintubation val- 
ues were measured 6 min after the start of drug administration. 
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thesia with fentanyl asserts that rapid administration 
of fentanyl is not associated with cortical EEG seizure 
activity (22). Specific studies of limited numbers of 
patients also showed no EEG seizure activity during 
fentanyl administration (23,24). 

The arterial plasma fentanyl concentrations found 
in this study suggest that 15 g/kg administered rap- 
idly is near the minimum dose that will reliably produce 
brief anesthesia. For maintenance of anesthesia, 12-15 
ng/ml (9,25) is an adequate average concentration; 
lower levels (8.6 ng/ml) may allow patients to become 
responsive to stimuli (26). Plasma fentanyl concen- 
trations of approximately 6 ng/ml produce amnesia to 
visual stimuli in 50% of patients (27). Normal or nearly 
normal ventilatory responses to CO, occurs when 
plasma fentanyl concentrations are below approxi- 
mately 1 ng/ml (28). These plasma levels are derived 
from various studies and pertain to patients with slowly 
changing fentanyl levels; application of these findings 
to our study is not precise, but provides estimates. In 
this study, the plasma concentration of fentanyl 3 min 
after administration of 15 wg/kg averaged 25.9 ng/ml, 
which is consistent with our finding of adequate anes- 
thesia for intubation. There was no recall in our pa- 
tients, but the level 13 min after induction was 4.2 
ng/ml, suggesting that it would be prudent to begin 
administration of additional anesthetic within 10 min 
of induction when using 15 ng/ml fentanyl. Plasma 
levels at 4 hr were low enough (0.4 ng/ml) that normal 
ventilatory response to CO, would be expected (28). 

Induction doses of 15 and 60 ng/kg of fentanyl had 
similar cardiovascular effects and were virtually iden- 
tical in the correlations of postinduction cardiovascular 
values with baseline values. These findings were an- 
ticipated on the basis that rapid drug administration 
will cause high plasma levels. In rats (29), and pre- 
sumably in humans, fentanyl passes rapidly from the 
blood into the brain. Above some minimum plasma 
level, fentanyl appears to have a flat dose-response 
curve (8), and in a small group of patients, greater 
doses of fentanyl produced little if any increase in the 
anesthetic effect above a serum concentration of 20 
ng/ml (30). Our results imply that if fentanyl is ad- 
ministered over a short interval, an increase in effect 
in the dose range between 15 and 60 ug/kg of fentanyl 
will not occur, because the maximum acute effect in 
a 70-kg patient will be achieved with the first milli- 
gram of fentanyl administered. Patients with heart 
failure may be dependent on elevated serum cate- 
cholamine levels for homeostasis (31). In such pa- 
tients, titration of fentanyl during induction may be 
appropriate. When titration of the cardiovascular re- 
sponses to fentanyl is required, it is the first milligram 
that must be administered gradually to achieve a graded 
effect. 
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Because of differences in experimental methods, 
our results cannot be compared directly to those of 
Hicks et al. (13), who found that a decrease in cardiac 
output resulted from administration of 30 or 50 ug/kg 
of fentanyl. The 15-ug/kg dose in the present study 
produced adequate anesthesia during induction, but 
the 60-ug/kg dose had little or no harmful hemody- 
namic effect. Given the limited number of patients 
studied, it is not clear that doses of 15 ug/kg will be 
an adequate induction anesthetic for all patients with 
the demographic characteristics of our study group. 
Therefore, unless a short duration of action is im- 
portant, we commonly use 30 ug/kg of fentanyl for 
induction of anesthesia in patients such as those in- 
cluded in the present study. 
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To evaluate possible interactions between residual succi- 
nylcholine and vecuronium, the amount of vecuronium re- 
quired to maintain the twitch height (TH) at 10% of its 
initial value was measured over a 90-min period by the on- 
demand infusion method in two series of 15 adult patients 
(ASA class I-II). One group, the vecuronium treatment 
(V) group, received 70 g-kg—' of vecuronium and the on- 
demand infusion. The second group, the succinylcho- 
line-vecuronium treatment group (SV), was given 30 ugke~' 
of vecuronium and on-demand infusion 5 min after the 
complete recovery of TH after administration of 1 mg-kg™? 
of succinylcholine. During the first 10 min, the amount of 
vecuronium required to maintain TH at 10% of its control 


Augmentation of neuromuscular blocking effects of 
different competitive neuromuscular blocking agents 
including vecuronium, a new monoquaternary com- 
petitive relaxant, by prior administration of succinyl- 
choline is a well-documented phenomenon (1-3). We 
have recently observed augmented neuromuscular 
blocking effects with vecuronium for as long as 45 
min after the prior administration of succinylcholine 
(4). The goals of the present study were twofold: first, 
to quantitate the amount of vecuronium needed to 
maintain a constant level of twitch height (TH) 
depression after the prior administration of succinyl- 
choline and to compare these data to the amount of 
vecuronium required to maintain equal depression of 
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was significantly greater in the group given V than in the 
group given SV, 15122 + 856 (mean + SEM) vs 9851 + 
486 pgm *hr~' (P < 0.001). Thereafter, the amount of 
vecuronium required to maintain TH at 10% of control was 
similar: 2808 + 275 and 3068 + 206 ug-m~?-hr~', When 
the infusion of vecuronium was stopped after 90 min, the 
time required for spontaneous recovery from 25 to 75% of 
control TH levels was similar: 20.1 + 3.3 min in the group 
given V and 18.9 + 2.5 min in the group given SV (not 
significant). We conclude that after a vecuronium on- 
demand infusion of long duration (lasting more than 90 
min), previous succinylcholine administration does not in- 
ferfere with late vecuronium requirements and the spon- 
taneous rate of recovery of TH. 


Key Words: NEUROMUSCULAR RELAXANTS— 
vecuronium, succinylcholine. 


TH in patients receiving vecuronium alone, as de- 
scribed previously (5,6); and second, to determine, 
once a long-duration infusion of vecuronium is 
stopped, whether the spontaneous rate of recovery 
of TH differs in patients who received prior succi- 
nylcholine administration from those receiving ve- 
curonium alone. 


Materials and Methods 


Thirty (ASA class I-II) patients of both sexes, younger 
than 60 yr old who suffered from no neuromuscular 
diseases and took no drugs that could interfere with 
the parameters studied, were selected for the study. 
The study was approved by the Ethical Committee of 
Brussels Free University and informed consent was 
obtained from each patient. 

Premedication consisted of oral diazepam (0.2 
mg/kg), administered 60 min before induction of anes- 
thesia. Anesthesia was induced with methohexital (1 
mg/kg). When the patient was unconscious, a dis- 
placement transducer (7) was used to record the me- 
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Figure 1. Evolution of the cumulated requirements (loading doses 
and on-demand infusion) in group V (W) and in group SV (CL). 
Mean + sem. ***, P< 0.001; NS, not significant, two tailed unpaired 
t-test. 


chanical activity of the adductor pollicis stimulated 
electrically (rectangular wave, 0.2-msec duration, su- 
pramaximal at a frequency of 0.1 Hz) via the cubital 
nerve at the level of the wrist. Ventilation was ensured 
manually with a circle circuit containing 50% nitrous 
oxide in’ oxygen until tracheal intubation was per- 
formed at the moment of maximal TH depression. 
Analgesia was maintained thereafter by repeated in- 
jections of fentanyl, and ventilation was controlled me- 
chanically with a semiclosed circuit containing O2/N2O 
1:2 vol/vol L and regulated to maintain end-tidal CO, 
at 5 + 0.1% (HP CO, analyzer) or arterial Pco, be- 
tween 36 and 42 mm Hg. 

The patients were distributed in a random manner 
into two groups of 15. In the group given V, patients 
received only vecuronium as described previously (7): 
a loading dose of 70 ug/kg immediately followed by 
an on-demand perfusion regulated to maintain TH at 
10% of its control value. In the group given SV, pa- 
tients received succinylcholine (1 mg/kg) followed by 
vecuronium starting 5 min after the complete recovery 
of TH. In these patients, the vecuronium was admin- 
istered using a loading dose of 30 pg/kg followed by 
an on-demand infusion adjusted to maintain the me- 
chanical activity of the adductor pollicis at 10% of its 
initial value. The different loading doses chosen for 
the two groups were selected on the basis of our pre- 
vious studies showing that during fentanyl-N,O 
anesthesia, a loading dose of 70 ug/kg of vecuronium 
reduced TH value to 5-10% of its initial value (7); 
whereas after succinylcholine, 40 ug/kg of vecuron- 
ium depressed the TH to about 4% of control (4). In 
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Figure 2. Mean steady-state vecuronium requirements (noted be- 
tween 30 and the 90 min), TH10-25, and TH25-75 recovery rates 
observed in the V and SV series (15 patients in each group). These 
values were not significantly different. 


both groups, the perfusion of vecuronium was main- 
tained for at least 90 min and then was either stopped 
or continued if surgical requirements necessitated 
continual relaxation. 

The following parameters were studied: first, the 
amount of vecuronium (ugm~ 2hr" t) injected in load- 
ing doses, and/or infused on-demand, recorded at 10- 
min intervals after administration of the relaxant; sec- 
ond, the time required for recovery of TH from 10 to 
25% of control after termination of the vecuronium 
infusion; and third, the time required for recovery of 
TH from 25 to 75% of control after termination of the 
infusion of vecuronium. 

Paired (within groups) and unpaired (between 
groups) comparisons using two-tailed Student's t-tests 
were employed for evaluation of statistical signifi- 
cance using methods described in the SPSS pro- 
grams (8). 


Results 


Ages, weights, and heights of the patients in both 
groups were similar (mean + SEM): 40 + 2.4 and 40 
+ 3.9 yr; 59.8 + 8.6 and 69.3 + 3.3 kg; and 172 + 4 
and 167 + 4 cm in the groups given V and SV, re- 


SUCCINYLCHOLINE AND VECURONIUM INFUSION 


ANESTH ANALG 321 
1985;64:319-~22 


Table 1. Evolution of Vecuronium Requirements (agm *hr~’) Determined with the On-Demand Infusion Method in 
the Group Given V (Vecuronium Alone) and the Group Given SV (Succinylcholine followed by Vecuronium) 





0-10 10-20 20—30 30-40 40-50 50-60 60-70 70-80 80-90 

min min | min min min min min min l min 

Group V 15127 3868 3044 2827 2874 2826 2821 2792 2664 
(n = 15) + 856° + 560”° + 422° + 258° = Bole + 306° te 273" + 269° + 286° 

Group SV 9851 4337 3546 3055 3152 3242 319] 2829 2942 
(n = 15) + 486 + 381° + 418° + 241° + 199° + 268° + 224° + 266° 


+ 250° 





"Mean + SEM. 


"Two tailed paired t-test within a group (period 0-10 min taken as reference). 


eP < 0.001. 


spectively:«In the group given SV, the maximal pa- 
ralysis obtained after 1 mg/kg of succinylcholine was 
0.9 + 2.5% of control TH (range, 0-10%). Complete 
and: stable-recovery of the TH was seen after 13 + 2 
min: The evolution of vecuronium requirements within 
the groups given V and SV are shown in Figure 1 and 
in Table: 1. Vecuronium requirements were signifi- 
cantly different only during the first 10 min. Mean 
steady-state vecuronium requirements between 30 and 
90 min were similar: 2808 + 275 and 3068 + 206 
pem~*hr~ inthe groups givenSand SV, respectively. 

The time in minutes from the end of the perfusion 
of vecuronium to the point where the TH reached 
25% of its initial value (TH 10-25 period) averaged 
8.8 + 0.9 in group V and 7.7 + 1.1 for the group 
given SV (not significant). The TH 25-75 period av- 
eraged 20.1 + 3.3 min in the group given V and 18.9 
+ 2.5 min in the group given SV (not significant) (see 
Fig. 2). 


Discussion 


Previous reports have demonstrated that the neuro- 
muscular blocking effects of vecuronium are aug- 
mented by the prior injection of succinylcholine (2,3). 
In these reports, the interval between the adminis- 
tration of the two relaxants was about 20 min. More 
recently; we have observed that, even by increasing 
this interval to 45 min, vecuronium neuromuscular 
effects remained augmented and that the rate of spon- 
taneous recovery of TH from the effect of vecuronium 
was decreased by prior administration of succinyl- 
choline (4). The present study was undertaken first 
to observe the effect of prior succinylcholine admin- 
istration upon the evolution of the vecuronium re- 
quirements during prolonged (more than 90 min) on- 
demand infusions of vecuronium, and second to de- 
termine whether the rate of spontaneous recovery of 
TH rate remained prolonged when the interval be- 
tween bolus administration of succinylcholine and the 
end of the vecuronium infusion exceeded 90 min, as 
it does when the interval between succinylcholine and 


vecuronium administration is less than or equal to 45 
min. The present results confirm the augmented par- 
alyzing action of vecuronium by prior succinylcholine 
administration because the quantity of vecuronium 
necessary to lower the TH to 10% of its initial value 
was markedly reduced in the patients in the group 
given SV compared with those of the group given V 
during the first 10 min of infusion. 

As a consequence of different loading doses in both 
groups, a prefixed level of paralysis can be expected 
to be obtained with a lower vecuronium plasma con- 
centration in the SV-treated patients compared with 
patients receiving vecuronium alone (V group). 
Thereafter, the difference between the vecuronium 
plasma concentration in both groups will become pro- 
gressively less because the vecuronium requirements 
in the SV-treated patients remained constantly slightly 
higher than the requirements noted in the subjects of 
the group given V (see Fig. 1). During the last 60 min 
before the cessation of vecuronium infusion, the ve- 
curonium requirements of both groups were not sig- 
nificantly different. One may, therefore, conclude that 
the plasma clearance remained similar in the patients 
of the two groups studied. This indicates that plasma 
vecuronium clearance has not been markedly altered 
by previous succinylcholine administration. In these 
conditions, it is not a surprise to observe similar spon- 
taneous vecuronium TH recovery rates in the groups 
given V and SV because the disappearance of paral- 
ysis produced by nondepolarizing muscle relaxants 
is, to a great extent, related to the plasma clearance 
of the drug at the moment the TH begins to recover 
(9,10). 

In conclusion, in case of on-demand vecuronium 
infusion of long duration (=90 min), previous admin- 
istration of succinylcholine does not interfere with the 
TH recovery rates once the vecuronium infusion is 
stopped. The present results suggest that the action 
of 1 mg/kg of succinylcholine upon the dose-effect 
relationships of vecuronium, established by on-de- 
mand infusion, has totally disappeared after infusions 
lasting more than 90 min. 
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Large Volume Crystalloid Resuscitation Does Not Increase 


Extravascular Lung Water 


T. James Gallagher, MD, Michael J. Banner, RRT, and Peggy A. Barnes, MD 


GALLAGHER TJ, BANNER MJ, BARNES PA. Large 
volume crystalloid resuscitation does not increase 
extravascular lung water. Anesth Analg 1985;64:323—6. 


The purpose of this study was to determine whether Ringer's 
lactate solution increases extravascular lung water (EVLW) 
during resuscitation after hemorrhagic shock. Ten sheep 
anesthetized with thiamylal were bled fo a mean arterial 
pressure (MAP) of 50 mm Hg; further bleeding maintained 
that pressure for 30 min. Resuscitation fluid consisted of 
Ringer’s lactate solution in volumes necessary to restore 
and maintain for 1 hr MAP, pulmonary capillary wedge 
pressure (PCWP), and cardiac index at levels equal to those 


Balanced electrolyte-containing solutions can reliably 
effect adequate fluid resuscitation in the hypovolemic 
patient. The large volumes usually required and the 
lack of protein in the solution can, however, signif- 
icantly reduce colloid oncotic pressure (COP). Be- 
cause COP predominates as the major Starling factor 
to maintain fluids in the intravascular compartment, 
large volumes of crystalloid, which decrease COP, 
may increase interstitial water, particularly in the lung. 
The purpose of this study was to determine if, after 
hemorrhagic shock, fluid resuscitation with crystal- 
loid (Ringer’s lactate solution) would increase extra- 
vascular lung water. 


Materials and Methods 


Ten sheep weighing between 25 and 50 kg were ini- 
tially anesthetized with thiamylal sodium (15 mg/kg). 
Anesthesia was then maintained by a continuous in- 
fusion of the same agent mixed with Ringer’s lactate 
solution. After tracheal intubation, mechanical ven- 
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measured before bleeding. After volume replacement, the 
colloid oncotic pressure (COP) — PCWP gradient (COP 

— PCWP) decreased from 12 + 3 to2 + 5 mm Hg (P < 
0.001). After volume restoration, COP decreased from 19 
+ 8 mm Hg to 12 + 2 mm Hg (P < 0.001). Despite the ` 
large volume of fluid administered, EVLW did not increase. 
Crystailoid resuscitation does not necessarily increase EVLW 
despite significant decreases in COP and COP — PCWP 
gradient. 


Key Words: SHOCK—hemorrhagic. LUNG—water 
content. 


tilation was maintained with a tidal volume of 15 ml/kg 
and a frequency of 8-10 breaths/min to keep Paco, 
between 35 and 45 mm Hg. End-expiratory pressure 
was 0 cm HO throughout the study. Fio, remained 
constant at 0.5. 

A 7-fr, balloon-tipped, flow-directed pulmonary 
artery catheter was inserted percutaneously in the 
internal jugular vein to determine pulmonary capil- 
lary wedge pressure (PCWP) and thermodilution car- 
diac index (CI). A 5-fr, thermistor-tipped catheter 
was placed via the carotid artery into the distal aorta 
to measure systemic arterial blood pressure, mean 
arterial pressure (MAP), and extravascular lung water 
(EVLW). EVLW was measured with the thermal dye 
technique described by Lewis and Elings (1). 

Arterial and mixed venous blood samples were ob- 
tained anaerobically for direct measurement of oxy- 
gen saturation (Instrumentation Labs 282) and blood- 
gas tensions (Instrumentation Labs 813); venous ad- 
mixture (Qsp/Qt) was calculated by standard formula. 
COP was also measured directly with an oncometer 
(Wescor). The COP — PCWP gradient was computed 
by simple subtraction. 

After baseline measurements, each animal was bled 
via a heparinized peripheral arterial catheter to a 
MAP of 50 mm Hg, which was maintained for 30 min 
by subsequent bleeding as necessary. Measurements 
were repeated at the end of that 30-min interval. Then 
resuscitation with Ringer’s lactate solution com- 
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Table 1. Effects of Shock and Fluid Resuscitation? 


GALLAGHER ET AL. 


Fluid resuscitation 


Baseline During shock Initial After 1 hr 
Mean arterial pressure (mm Hg) 106 + 9 50 + 0 B9 + 17° 108 + 26 
Pulmonary capillary wedge pressure (mm Hg) 7 5: 23? 93 S 
Cardiac index (L‘-min7~ +m ~?) 25 2:0.3 1.4 0,5" 2.7 + 0.6 3,6 + 0.7 
Stroke volume (ml) 2257, 12 + 4 22 + 6 30 + 14 
Ringer’s lactate solution (ml) 68 + 13 — 493 + 209° 1215 + 686° 
Colloid oncotic pressure (COP) (mm Hg) 19 + 0.8 18 + 0.8 13 + 1,0" 12 + 2.0? 
COP — pulmonary capillary wedge pressure (mm Hg) 12-3 13: 4 JEF P a 
Extravascular lung water (ml) 382 + 208 373 + 191 342 + 128 339 + 137 
Pao: (mm Hg) 200 + 43 215 + 47 206 + 48 174 + 61 
Venous admixture (%) 2 +18 1.1.3 2+ 1.6 5 6? 


“Values are means + SD. 
’P < 0.05 compared with baseline. 


menced and was continued until baseline values for 
CI, MAP, and PCWP were restored. The infusion was 
then continued for 1 hr at rates sufficient to maintain 
baseline values. The values after 1 hr of infusion were 
compared with baseline values and those just before 
the initiation of fluid resuscitation. Results are given 
as means + SD. Statistical analysis included paired 
t-test analysis and analysis of variance. Statistical sig- 
nificance was assumed with P values less than 0.05. 


Results 


Blood loss averaged 320 + 185 ml. After the initial 
fluid resuscitation, CI and PCWP returned to baseline 
levels. However, further fluid administration was re- 
quired to restore MAP to its baseline value (Table 1). 
Resuscitation was associated with significant de- 
creases in COP and COP — PCWP (Fig. 1). Despite 
these changes, EVLW and blood-gas values remained 
constant throughout the study (Table 1, Fig. 2). The 
initial amount of Ringer’s lactate solution infused dur- 
ing resuscitation averaged 493 + 209 ml; the final 
amount after 1 hr averaged 1215 + 686 ml. 


Discussion 


The thermal dye technique used in this study to mea- 
sure EVLW has been evaluated extensively in both 
humans and animals, and in-vivo, indirect measure- 
ments of the ratio between wet and dry lung tissue 
made just before death have shown a significant cor- 
relation with wet-to-dry ratios determined at autopsy 
(correlation coefficient, r = 0.96) (1). Although there 
may be some question of the accuracy of individual 
values, the results of controlled studies using statis- 
tically valid numbers of observations are reproduc- 
ible, and changes in either direction can be clearly 
documented. 


The model used in this study may not entirely re- 
flect changes associated with trauma and shock in 
humans. Trauma, when associated with shock, may, 
for example, stimulate release of various vasoactive 
substances that can alter capillary membrane integrity 
and ultimately the amount of EVLW. However, ex- 
perimental hemorrhagic shock by itself has not been 
associated with any alteration of capillary integrity (2). 

In this study, large volumes of fluid (1000 ml/50 
kg) were needed to restore MAP to original levels. 
Because CI and PCWP were identical before and after 
fluid resuscitation, we can infer that no myocardial 
damage occurred; maintenance of stroke volume rein- 
forces this inference. 

With crystalloid resuscitation, most of the fluid does 
not remain in the intravascular compartment. Most 
authorities feel that within 1 hr, as much as 80% may 
relocate into the interstitial compartment (Moss J, per- 
sonal communication). This helps explain the large 
volumes necessary after significant blood loss. In the 


` present study, sufficient crystalloid remained in the 


intravascular compartment to significantly decrease 
both COP and the COP — PCWP gradient. However, 
EVLW remained unaffected. While by the end of the 
study, Qsp/Qt significantly increased, a change from 
2 to 5% has little if any clinical relevance. 

The stability of EVLW despite the voluminous crys- 
talloid resuscitation has several possible explanations. 
Starling’s equation mathematically describes fluid dy- 
namics within the alveolar capillary membrane: 


Q = Kre [(Pc — Pr) — 8c (tc — mr) 


where Q is the filtration rate across capillary mem- 
brane, Krc the filtration coefficient, Pc the capillary 
hydrostatic pressure, Py the interstitial hydrostatic 
pressure, 7c the capillary oncotic pressure, rr the 
interstitial oncotic pressure, and 6c the reflection coef- 
ficient (3). 


fe 
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Figure 1. Colloid oncotic pressure minus pulmonary capillary wedge 
pressure gradient (open bars) vs extravascular lung water (hatched 
bars) during baseline measurements (B), during shock (S), during 
resuscitation (R), and after 1 hr of resuscitation (R + 1). 


Most of the Starling forces are difficult to measure 
clinically. We assume that pulmonary microvascular 
pressure represents PCWP plus 40% of the difference 
between pulmonary artery and wedge pressures (4). 
We currently have no easy or reliable method to eval- 
uate clinically or experimentally interstitial hydro- 
static or oncotic pressure. Attempts to catheterize the 
interstitial space for those determinations signifi- 
cantly distort the pulmonary interstitial anatomy and, 
thus, conceivably can affect the measurements (5). 
Capillary permeability at best can only be calculated 
from the other variables. 

Although hemorrhagic shock may affect sodium 
deposition along the alveolar—capillary interface (2), 
there is minimal evidence of any increase in pulmo- 
nary capillary permeability during hemorrhagic shock. 
More often altered permeability develops during sep- 
sis as a result of the direct action of toxins at the 
alveolar—capillary interface (6). 

During the brief period of this study, the filtration 
coefficient (Krc) should have remained constant. 
Conceivably, if interstitial fluid were to expand the 
interstitial space, the disruption of the pulmonary ar- 
chitecture could increase the area of interface for fluid 
exchange (7). Even greater fluid flux might occur and, 
thus, possibly further increase fluid in the lung; how- 
ever, we did not detect any such increase. 

Because we can accurately measure only COP clin- 
ically, any evaluation of pulmonary interstitial fluid 
flux or accumulation is speculative (8). Having ac- 
curate data for only one of five variables thus makes 
prediction of lung water changes difficult. For ex- 
ample, if COP were to decrease, any resultant in- 
crease in fluid flux into the pulmonary interstitial space 
could increase interstitial hydrostatic pressure. In turn, 
the increase in interstitial pressure would oppose any 
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Figure 2. Volume of Ringer’s lactate solution administered (open 
bars) vs extravascular lung water (hatched bars) during baseline 
measurements (B), during shock (5), during resuscitation (R), and 
after 1 hr of resuscitation (R + 1). 


further fluid movement into the interstitium (9). Only 
if no other variables changed would COP or COP — 
PCWP accurately predict fluid flux into pulmonary 
interstitial space. However, because volume and com- 
pliance are limited, even a small fluid shift could affect 
serum and oncotic and hydrostatic pressures in the 
interstitium. Furthermore, an increase in pulmonary 
interstitial fluid may still not affect EVLW because 
pulmonary lymphatic drainage may also increase to 
maintain a normal EVLW (10). Only after such a com- 
pensatory mechanism has been overwhelmed might 
fluid actually begin to accumulate in the lung 
interstitium. 

In conclusion, large volume crystalloid resuscita- 
tion in an ovine model of hemorrhagic shock does 
not increase pulmonary EVLW. Furthermore, in this 
model, a large decrease in COP or in the COP — 
PCWP gradient poorly predicted increases in inter- 
stitial fluid. 


The authors thank Lynn M. Carroll for editorial assistance. 
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HENLING CE, BRADLEY E. Cardiovascular effects of 
esmolol in anesthetized humans. Anesth Analg 
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We studied the cardiovascular effects of esmolol, a newly 
synthesized B-adrenocepter antagonist, in anesthetized hu- 
mans. Forty patients (four groups of 10 each) with ischemic 
heart disease and normal ventricular function were anes- 
thetized with diazepam, pancuronium, and NO in O2. 
Esmolol was given by continuous infusion in cumulative 
doses of 1100 g/kg (group 1), 2000 pgikg (group 2), and 
2700 pg/kg (group 3); a control group received no esmolol. 
Infusion of esmolol was begun 3 min prior to and ended 4 
min after tracheal intubation. All three doses of esmolol 
significantly (P < 0.001) attenuated the heart rate responses 
to intubation. Rate—pressure products were significantly 
(P < 0.001) lower in esmolol-treated patients than in con- 


Esmolol (methyl 3-(4-(2-hydroxy-3-(isopropylamino) 
propoxy) phenyl) proprionate hydrochloride) is a water- 
soluble B-adrenoceptor antagonist with rapid onset 
and ultrashort duration of action (1,2). Potentially, it 
is an excellent drug to prevent or treat undesirable 
increases in heart rate (HR) and contractility that may 
occur during general anesthesia and surgery in re- 
sponse to increased sympathetic activity. These in- 
creases are likely to occur in response to such stimuli 
as laryngoscopy, tracheal intubation, skin incision, 
and surgical manipulation. Probably best docu- 
mented are increased adrenergic activity (3,4) and re- 
sultant increases in heart rate and blood pressure (5,6) 
in response to tracheal intubation. Increases in heart 
rate may be associated with ST-segment changes that 
indicate myocardial ischemia in patients with coro- 
nary artery disease (7). B-Adrenoceptor blockade 
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trols after intubation, but ST-segment changes compatible 
with ischemia occurred in one patient in each group. In- 
creases in heart rate were associated with significant in- 
creases in plasma norepinephrine levels (r = 0.45, P = 
0.02) in the control group, but not in esmolol-treated pa- 
tients, a demonstration that esmolol antagonizes the B- 
adrenergic effects of norepinephrine. The effect of esmolol 
on heart rate was absent 5.min after cessation of infusion, 
and plasma levels of esmolol were undetectable in 26 of 30 
treated patients 15 min after the termination of esmolol 
infusion. Esmolol has a rapid onset and short duration of 
effect. It can be used safely during anesthesia in patients 
with normal ventricular function to attenuate cardiac re- 
sponse to sympathetic stimulation. 


Key Words: SYMPATHETIC NERVOUS SYSTEM— 
B-ADRENERGIC ANTAGONISTS, esmolol. HEART—myo- 
CARDIAL FUNCTION, f-adrenergic blockade. 


minimizes increases in heart rate and myocardial 
contractility (primary determinants of oxygen 
consumption) by attenuating the positive chrono- 
tropic and inotropic effects of increased adrenergic 
activity. This is particularly desirable in patients with 
ischemic heart disease. 

The present investigation was designed to examine 
the cardiovascular pharmacology of esmolol during 
general anesthesia. The investigation was designed 
to determine the dosage of esmolol that is safe and 
effective in reducing cardiovascular responses to lar- 
yngoscopy and tracheal intubation in anesthetized 
humans. | 


Methods = 


Institutionally approved informed consent was ob- 
tained in 40 patients scheduled for elective myocardial 
revascularization surgery. Patients were excluded for 
reasons listed in Table 1. The patients were divided 
into four groups: one untreated group (control) and 
three groups (experimental) given different dosages 
of esmolol infusion (see below). Patients were not 


328 ANESTH ANALG 
1985;64:327-34 


Table 1. Exclusion Criteria 


Pregnancy 
History of atrial flutter/fibrillation 
A-V conduction block greater than first degree 
Myocardial infarction within 4 weeks prior to study 
Systolic blood pressure less than 100 mm Hg 
Diastolic blood pressure less than 50 mm Hg 
History of congestive heart failure 
Chronic obstructive pulmonary disease, 
bronchial asthma, or history of bronchospasm 
Clinical or laboratory evidence of severe renal, 
hepatic, or neurological disease 
History of drug allergy to B-adrenergic blocking drugs 
Concurrent drug therapy with: 
B-Adrenergic blockers other than propranolol 
B-Adrenergic stimulants 
a-Adrenergic blockers 
a-Adrenergic stimulants 
Antiarrhythmics 
Digoxin/digitoxin 
Adrenergic augmenting psychotropic drugs 
Reserpine or guanethidine 


randomly assigned as it was felt that lower dosages 
should be administered before higher dosages in this 
initial use of esmolol in anesthetized humans. De- 
mographic data as well as the type and dosage of 
chronic medications are shown in Table 2. Patients 
receiving propranolol, calcium channel blockers, or 
both received their last dose no later than 16 hr before 
induction of anesthesia. Preoperative nitrate therapy 
was continued until the time of surgery. 

Premedication consisted of oral diazepam, 0.15 mg/ 
kg, morphine sulfate, 0.1 mg/kg intramuscularly, and 
scopolamine, 0.3 to 0.4 mg intramuscularly, 60-90 
min before induction of anesthesia. Upon arrival in 
the operating suite patients were monitored with an 
ECG, either Lead II or Vs, and a 16-gauge intravenous 
catheter was inserted in an upper extremity vein. Also, 
an 18-gauge radial arterial catheter was placed with 
the patient under local anesthesia. In five patients in 
each group, an 8F (#496124, Argon Medical Corp) 
introducer was placed into the right internal jugular 
vein and a 7F balloon flotation thermodilution pul- 
monary arterial catheter (model 93A-303-7F, Ameri- 
can Edwards Lab) was floated into the pulmonary 
artery. Ringer’s lactate solution was administered at 
this time to bring the pulmonary artery occlusion 
pressure (PAOP) to 10 mm Hg or a value equal to the 
PAOFP at the time of preoperative cardiac catheteriza- 
tion, whichever was lower. 

Direct measurements during the study included: 
ECG; HR; systolic and diastolic systemic, pulmonary 
arterial, and central venous pressures; and mean pul- 
monary artery occlusion pressures (Hewlett-Packard 
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oscilloscope 78304A, ECG amplifier module 78203C 
with transducer module 78205C, preamplifier module 
8802A, interface 8826A, and recorder 7758A; and Gould 
Statham P23 ID pressure transducers); cardiac output, 
measured by thermodilution (Gould Statham $P1425 
and recorder SP2010); and end-tidal CO,, maintained 
between 35 and 45 mm Hg. Cardiac output measure- 
ments were averaged from two determinations. De- 
rived values consisted of mean arterial pressure (MAP), 
mean pulmonary arterial pressure (MPAP), cardiac 
index (CI), systemic vascular resistance (SVR), pul- 
monary vascular resistance (PVR), rate—pressure 
product (RPP), stroke volume index (SVI), and left 
ventricular stroke work index (LVSWI]). Plasma nor- 
epinephrine (NE) concentrations were measured by 
a modification of the high pressure liquid chroma- 
tography (HPLC) method of Keller et al. (8). Plasma 
esmolol levels were determined by an HPLC method 
using an ultraviolet detection system at 229 nm. (All 
plasma blood levels were performed in the analytical 
drug laboratories of American Critical Care, 1600 
Waukegan Road, McGaw Park, IL 60085.) 

After placement of the monitoring devices, patients 
rested for 10 min before induction of anesthesia. Base- 
line hemodynamic values were recorded 1 min before 
induction. Anesthesia was induced with diazepam, 
0.5 mg/kg, and pancuronium, 0.1 mg/kg, given intra- 
venously over 20 sec while the patient was breathing 
50% N-O in O,. Esmolol infusion was started 3 min 
after induction. All patients in the treatment groups 
received esmolol 500 uwg-kg~ ‘min’ for the first min- 
ute. Thereafter, esmolol infusion varied: group 1 re- 
ceived 100 ug-kg~ min ~’ for an additional 6 min; group 
2 received 500 pg-kg~ '-min~' for an additional minute 
followed by 200 ugkg`!min™! for 5 min; group 3 
received 500 ug-keg~'-min~' for an additional 2 min 
followed by 300 wg-kg~smin~! for 4 min. Laryngos- 
copy occurred 6 min after induction (i.e., 3 min after 
beginning esmolol infusion) in all groups. Hemody- 
namic measurements were made at baseline and 3, 
6, 7, 9, 10, 15, and 25 min after induction of anes- 
thesia. Cardiac output and plasma NE levels were 
measured at baseline and 3, 6, 9, and 25 min after 
induction of anesthesia. Blood samples for subse- 
quent measurements of plasma levels of esmolol were 
drawn at 6, 9, and 25 min after induction of anes- 
thesia. The study scheme and stages are illustrated 
in Figure 1. 

All continuously varying measurements were sum- 
marized as the mean + SD and SEM. The results for 
variables measured over time were initially tested for 
the effects of time and the differences between groups 
using a repeated measures analysis of variance. In- 
terest focused on comparisons between groups at each 
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Table 2. Comparative Patient Values" 


Control 
(n = 1D) 
Age (yr) 57.1 + 2.5 
Weight (kg) 78.7 + 3.6 
Height (cm) 174.7 + 1.6 
BSA (m°) 1.97 + 0.05 
Gender 
Male 10 
Female Q 
Preoperative SBP (mm Hg) 133.5 + 4.8 
Preoperative DBP (mm Hg) 77.8 & 3.2 
Preoperative HR (beats/min) Fok 229 
Hypertension history 0 


(requiring therapy) 
Types and dosage of chronic antianginal therapy” 
Propranolol 


Number of patients 4 

Daily dose (mg) 65 + 19,2 
Calcium channel blockers 

Number of patients 6 
Nitroglycerin (topical) 

Number of patients 6 

Daily dose (mg) 13:7 2:78 
Isosorbide dinitrate 

Number of patients 4 

Daily dose (mg) 50 + 16.3 
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Group 1 Group 2 Group 3 
(n = 10) (n = 10) (n = 10) 
54.9 + 3.2 52.8 + 2.6 58.9 + 1.7 
81.9 + 4.6 87.9 + 4.0 81.0 + 3.3 
173.7-°2 2.0 17537 & 3.5 174.6 + 2.1 
2.02 + 0.06 2.09 + 0.06 1.99 + 0.05 
8 10 10 
2 0 0 
123.6 + 3.4 1239 4 33 1257 &37 
74.5 + 3.1 75.7 + 2.4 73.1 # 2.2 
69.6 + 3.2 729 OT 75.9 + 4.1 
2 2 0 
6 7 5 
166 + 46.6 111 + 13.9 112179 
9 9 8 
5 3 6 
50 + 19.2 21 + 13.5 17 + 11.5 
3 1 3 
53 + 14.4 80 + 0 67 + 10.9 





“Mean values + sem. Abbreviations: BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate. 


stage 


: minute” 
Figure 1. Infusion of esmolol at stages 


I-VII in clinical study. *Hemodynamic 
measurements taken at the numbered 
minutes. 


blood samples 


events 


time and between times foreach group. Between-group 
comparisons were performed by a one-factor analysis 
of variance computed at each time. Between-time 
comparisons used a randomized complete block anal- 
ysis for each group. When the analysis of variance 
F-test was significant, pairwise comparisons between 
group means or between different time means were 
performed by Fisher’s protected least significant dif- 
ference test (9). All attributes and characteristics were 
summarized as counts and percents. Comparisons of 
attributes between groups used the y” statistic for con- 
tingency tables. Differences were considered statis- 


esmolol 
Infusion 


et 


j 0 ww 


0 3 678 91011 15 25 


$ 4 


A 4 
E L intubation 
induction 


baseline 


4 


tically significant if P < 0.05. All computations were 
performed with the aid of the Statistical Analysis Sys- 
tem (10). 


Results 


Patients in the four groups had similar demographic 
data (age, sex, weight, height, body surface area, pre- 
operative blood pressure and heart rate, and history 
of hypertension requiring therapy) (Table 2). There 
was also no significant difference between the groups 
in the numbers of patients receiving chronic antian- 


ANESTH ANALG _ 








330 MENKHAUS ET AL. 
1985;64:327-34 
Table 3. Hemodynamic Values 
Event HR SBP DBP MAP CI PCWP SPAP PAD MPAP 
Control (n = 10) (n = 10) (n = 10) (n = 10) (n = 10) (n = 5) (n = 5) (n = 5) (n = 5) 
Stage I 71 +43 152 + 8.1 73+ 1.9 100 + 3.7 20320415 £29 2237 13-235 18:35 
Stage Il 82+43 146+ 9.4 7) £25 98 + 4.6 2.64 + 0.233 14+20 28+43 14+20 18+ 2.1 
Stage II 84+3.3 145+ 9.1 74 + 3.1 98 + 4.9 2.57 + 0.13 9+14 27426 13+18 18 + 2.0 
Stage IV 102 +3.9 191 + 84 04 + 4.8 133 + 5.6 
Stage V 98 + 3.4 181 + 11.0 97 + 6.4 125 + 7.6 2.83 + 0.08 S226 25-28. 13:27 A6-2 27 
‘Stage VI 96 +43 162 + 8.9 84 + 3.4 110 + 4.8 
Stage VI 86+7.4 144+ 68 78 + 4.7 100 + 5.2 
Stage VII 77 +48 115 + 3.6 65 + 3.2 82 + 3.4 207 + 007 6218 20221 10221 13:22:23 
Group 1 (n = 10) {n = 10) (n = 10) (n = 10) (n = 5) (n = 5) (n = 5) (n = 5) (n = 5) 
Stage I, 69+28 142+ 6.5 66 + 2.14 91 +:3.3 2.43 + 0.09 9+08 27+16 13+08 18+ 0.8 
Stage II 82446 127+ 7.1 70 + 4.1 89 + 4.6 2.43 + 0.233 8+19 2425 13+1.7 16419 
Stage IH 7643.2 120 + 8.2 62 + 3.9 B2 tAr 213023 8419 233A. 1220 1523 
Stage IV 86 +38 168 + 89 92 + 6.5 117 + 7.0 
Stage V 86 + 3.77 162 + 8.2 83 + 4.7 110 + 5.1 2.73 + 0.33 9+Ł19 3225 17+ 1.9 22+ 2.1 
Stage VI 83 + 3.1° 156+ 7.9 86 + 3.0 109 + 3.8 
Stage VII 82 +26 140 + 4.7 24 + 3.6 96 + 3.1 
Stage VII 75 +2.2 128 + 4.9 68 + 3.4 91 + 3.5 251 = 0.08% 8223 19422 9+18 15+ 1.0 
Group 2 (n = 10) (n = 10) (n = 10) (n = 10) (n = 5) (n = 5) (n = 5) (n = 5) (n = 5) 
Stage I 7O+4.0 145 + 6.6 66 + 3.44 92 + 3.6 2.55 + 0.18 9+15 29444 14+36 19+3.8 
Stage I 81 +53 129 + 5:6 65 + 3.6 87 + 3.6 2.51 + 0.09 15463 264249 14+48 18+48 
Stage II 75 + 3.6 109 + 49 56 + 3.7 74 + 3.8 2.33 + 0.08 9+0.9 27+60 14+40 18+ 43 
Stage IV 85 +2.5f 155 + 8.7 86 + 5.84 109 + 6.5" 
StageV 82424 147486 +514 101457 2554012 1443.7 32463 19+54 2345.7 
Stage VI 82 + 2.3" 135 + 8.2 70 + 4.0 92-42 5:14 
Stage VII 82+3.3 129 + 4.0 68 + 3.3 89 + 3.0 
Stage VII 75 +51 118 + 5.5 63 + 4.3 ISEB." 207 SOI 917 2262.0 TMl? 47223 
Group 3 (n = 10) (n = 10) (n = 10) {n = 10) (n = 4) (n = 4) (n = 4) (n = 4) (n = 4) 
Stage I 68 +40 130+5.77 £64 + 2.74 86 + 3.4° 2159-2015 Le ee 2237 15°52 2:8° - 16:2 3;1 
Stage II MEIG IRE 67 + 4.0 Sod: -260 +0.12 10430 -2240 12431 1533 
Stage II 72 + 2.6° 105 + 5.74 57 + 4.14 73 + 4.5 2.47 + 0.10 9427 22446 11421 14+ 2.7 
Stage IV 83 +19% 151 + 8.54 88 + 5.3 109 + 6.2° 
Stage V 81 +21 142 + 8.6 fo 2 314 100 + 6.0" 2.62 + 0.29 10434 2+5.7 14+42 17+ 4.7 
Stage VI 81+ 2.5° 143 + 9.7 81 + 5.1 102 + 6.7 
Stage VII 80 +2.1 138+ 7.3 77 + 4.4 97 + 5.3 
Stage VII 74 +36 122+ 4.1 69 + 4.3 81 + 4.5 2.11 + 0.17” 813 2014 Wedd B24 


Mean values + sem. Abbreviations: HR, heart rate (beats/min); MAP, mean arterial pressure (mm Hg); CI, cardiac index (Lemin™m~2); MPAP, mean 
pulmonary arterial pressure (mm Hg); PCWP, pulmonary artery capillary wedge pressure; SPAP, systolic pulmonary artery pressure; PAD, pulmonary artery 
pressure; stage I, baseline immediately prior to induction; stage II, 3 min after induction, before esmolol; stage III, min 3 of esmolol infusion immediately 


prior to laryngoscopy/intubation; stage IV, 1 min postintubation; stage V, 3 min 


postintubation; stage VI, 4 min post intubation, esmolol infusion stopped; 


stage VII, 5 min after esmolol off; stage VIII, 15 min after esmolol off, prior to incision. 
ap < 0.05 vs group 1. êP < 0.05 vs group 3. P < 0.01 vs group 3. “P < 0.05 vs control. ‘P = 0.01 vs control. fP = 0.001 vs control. 


\ 
w 
` 


ginal therapy with propranolol, calcium channel 
blockers, or nitrates. 

Hemodynamic data, both measured and derived, 
at the various stages of the study are shown in Tables 
3 and 4. Six minutes after induction and at minute 3 
of esmolol infusion (stage III), the HR in group 3 
(72 + 2.6) was lower than that in the control group 
(84 + 3.3). In all three esmolol-treated groups, es- 
molol attenuated the HR response to induction and 
intubation (Fig. 2). HR was significantly lower than 
the control group 1, 3, and 4 min after intubation 
(stages IV, V, VI; however, 5 min after the esmolol 
infusion was stopped (stage VII), HR was similar in 


all groups. HR did not significantly differ among the 
three esmolol-treated groups at any stage of the study. 
Systolic blood pressure was significantly lower in es- 
molol groups than the control after intubation (Table 
3). MAP was significantly lower than control in all 
esmolol-treated groups immediately before intuba- 
tion (stage III) and in groups 2 and 3 one minute after 
intubation; however, all groups were similar 5 min 
after the esmolol infusion was stopped. MAP did not 
differ among the three experimental groups except in 
group 2 at stages VI and VIII. Compared to control, 
the cardiac index in the experimental groups did not 
significantly differ except in group 1 at stages MI and 
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Table 4. Derived Hemodynamic Measurements 








RPP SVR PVR SVI LVSWI 

Control (n = 10) (m = 5) (n = 5) (n = 5) (n = 5) 

Stage I 10792 + 884 1570 + 94 121.0 = 8.5 33.5 + 1.0 41.6 + 2.3 

Stage II 11834 + 717 1447 + 138 136.3 + 16.6 30.2 + 3.1 36.3 + 4.9 

Stage IL 12087 + 705 1522 + 168 143.5 + 15.3 292 9 35.9 + 2.9 

Stage IV 19356 + 856 

Stage V 17534 + 1093 1554 + 212 120.4 + 13.5 28.3 + 1.9 39.8 + 4.3 

Stage VI 15397 + 839 

Stage VII 12460 + 1284 

Stage VII 9190 + 673 1510 + 163 143.1 + 19.4 24.8 + 1.7 25,2 1.3 
Group 1 (n = 10) (n = 4) (n = 4) (n = 5) (n = 4) 

Stage I 9931 + 811 1396 + 72 130.0 + 30.0 35.7 + 39.9 41.5 + 2.8 

Stage II 10537 + 1065 1183 + 178 139.7 + 26.6 33.4 + 2.8 36.0 + 2.9 

Stage IHI 9204 + 953° 1384 + 290 159.8 + 32.9 30.5 + 2.6 27.4 + 1.1” 

Stage IV 14562 + 1116” 

Stage V 13990 + 1041” 1417 + 258 198.5 + 65.7 IIT 2 25 45.6 + 3.4 

Stage VI 12836 + 817° 

Stage VII 11411 + 545 

Stage VIII 9888 + 731 1290 + 33 97.6 + 6.7 34.4 + 2.4” 35.8 + 3.3 
Group 2 (n = 10) (n = 5) (n = 3) (n = 5) (n = 3) 

Stage I 10060 + 706 1271 + 114 121:7 + 335 39.9 + 2.4° 43.0 + 5.5 

Stage II 10374 + 797 1135 85 112.0 + 26.2 3050 2.3 34.9 + 4.1 

Stage IN 8236 + 629° 1009 + 58° 114.0 + 19.9 33.3 + 2.7 30.6 + 4.0 

Stage IV 13208 + 9874 

Stage V 12076 + 842¢ 1367 + 85 131.1 + 49.3 o2.6 2°25 37.1 + 6.0 

Stage VI 11056 + 745° 

stage VII 10690 + 613 

Stage VIII 10697 + 713" 1405 + 84 149.6 + 21.7 30.4 + 2.3 30.5 + 1.4 
Group 3 (n = 10) (n = 4) (7 = 4) (n = 4) (n = 4) 

Stage I 8978 + 859 1460 + 122 120.0 + 18.0 35.5 + 3.8 34.4 + 5.4 

Stage H 9637 + 938 1222 + 88 94.1 + 13.2 36.0 + 2.4 36.4 + 3.2 

Stage II 7656 + 6344 1103 + 72 95.6 + 15.5 34.9 + 1.8 30.2 + 1.6 

Stage IV 12614 + 926“ 

Stage V 11601 + 9114 1414 = 226 127.8 + 49.6 32.7 + 4.5 35.8 + 4.2 

Stage VI 11787 + 1077 

Stage VII 11059 + 798 

Stage VIII 8448 + 668 1753 + 177 138.3 + 22.4 30.1 + 3.9 35.3 + 4.6" 


Mean values + sem. Abbreviations: SVR, systemic vascular resistance (dynessseccm ~>); PVR, pulmonary vascular resistance (dynes-seccm >); RPP, rate 
pressure product; SVI, stroke volume index (ml-beat™'*m~?); LVSWL, left ventricular stroke work index (gm-m-m™~%}; stage I, baseline immediately prior t 
induction; s-age II, 3 min after induction, preesmolol; stage III, min 3 of esmolol infusion immediately prior to laryngoscopy/intubation; stage IV, 1 min post 
intubation; stage V, 3 min post intubation; stage VI, 4 min post intubation, esmolol infusion stopped; stage VII, 5 min after esmolol off; stage VII, 15 mii 
after esmolcl off, prior to incision. 

aP < 0.05 vs group 3. tP s 0.05 vs control. ‘P = 0.01 vs control. “P = 0.001 vs control. 


VHI. The rate—pressure product wassignificantlylower 0.05, compared with patients not given propranolol 
than control in all esmolol-treated groups at stages 73.2 + 2.1, at baseline. However, at all other stages 
II, IV, V, and VI, and all groups were:similar at stage chronic propranolol therapy had no effect on HR, anc 
VII. Except for occasional instances, there were no there were no differences at any stage in the othe 
significant differences between groups at any stage measured hemodynamics. Additionally, the baselin: 
in the derived variables of SVR, PVR, SVI, or LVSWI HR or HR immediately prior to laryngoscopy and in 
(Table 4). There were no arrhythmias in any group __ tubation had no effect on the HR response thereafter 
and one patient in each of the four groups developed Linear regression analysis demonstrated an associa 
ischemia during the study period. There were noad- tion (r = 0.45, P = 0.02) between the increases it 
verse effects attributed to esmolol infusion. heart rate increase and increase in plasma norepi 

The effect of preoperative drug therapy was ex- nephrine levels after intubation in the control group 
amined: patients treated with chronic propranolol however, there was no association between increase 
therapy had lower heart rates, 65.8 + 3.0 (SEM), P< in HR and NE in the esmolol-treated groups. Plasm: 
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NE levels did not differ between groups at baseline 
and in all groups tended to decrease with induction 
and increase with intubation (Table 5). Blood esmolol 
levels are shown in Table 5. Esmolol levels in groups 
2 and 3 were significantly greater than in group 1 
immediately prior to laryngoscopy (stage III) and 3 
min after laryngoscopy/intubation (stage V) and were 
significantly higher in group 3 than group 2 only at 
stage III. Esmolol levels were very low at minute 25 
(stage VIII), when only four of the 30 patients had 
detectable levels of esmolol, one in both groups 1 and 
2 and two ir: group 3. We calculated the time required 
for the peak plasma drug concentration to decrease 
by half in four patients with detectable levels at stage 
VII and the mean value was 10.5 min. 


Discussion 


The purpose of this study was to determine the dos- 
age of esmolol that is safe and effective in attenuating 
the cardiovascular responses to laryngoscopy and tra- 
cheal intubation in anesthetized humans. The use of 
diazepam, nitrous oxide, and pancuronium bromide 
to induce anesthesia in patients having myocardial 
revascularization surgery was chosen because safe (11) 
transient increases in heart rate and blood pressure 
are known to occur with intubation (11,12). In the 
present study, it was found that with induction, HR 
increased and the MAP and CI remained relatively 
stable. Within each group, HR was significantly greater 
at stage II (after induction) than at stage I (prior to 
induction). This presumably is a result of pancuro- 
nium, which increases HR (13). The measured hemo- 


~ 
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Figure 2. Heart rate responses to lar- 
yngosccpy and intubation. 


4 min Post-leryn 5 min After 
Eemolol Off 


Eemolol Off 


dynamics after induction were similar to those of pre- 
vious investigators (12,14,15) and reflect the general 
hemodynamic stability of this method of induction of 
anesthesia. 

In the experimental groups, the effects of esmolol 
were seen before laryngoscopy (stage III): heart rate 
tended to be lower than in the control group. Possible 
explanations for this are that by blocking B-adreno- 
ceptors there is a decrease in HR, or esmolol atten- 
uates the increase in HR usually seen with pancu- 
ronium bromide, or both. The effect of esmolol on 
the HR was even more pronounced after intubation, 
the increase in the esmolol-treated groups being ap- 
proximately one-half of the increase of the control 
group. The presumed mechanism of this attenuation 
of HR response is B-adrenergic blockade. This is sup- 
ported by the fact that plasma levels of NE increased 
in all groups with intubation, which is evidence of 
sympathoadrenal response to intubation. There was 
an association between changes in heart rate and nor- 
epinephrine in the control group, but not in the treated 
groups: this may be interpreted as evidence of $g- 
adrenoceptor blockade of NE effect. Although the 
course of responses of HR and MAP to induction and 
laryngoscopy/intubation in this study, as in others 
(3,4), seems to be directly related to the level of ad- 
renergic activity, esmolol, by blocking the B; receptor 
effects of a generalized increase in sympathetic activ- 
ity, attenuates the HR response while having little 
effect on the peripheral manifestation of increased 
adrenergic stimulation. This effect of esmolol is dif- 
ferent from that of propranolol which, because pro- 
pranolol produces nonspecific B-adrenergic blockade, 
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Table 5. Plasma Esmolol (ng/ml) and Norepinephrine (pg/ml) Concentrations 





Baseline Before laryngoscopy (min 3 min after laryngoscopy 15 min after 
(preinduction) 3 of esmolol infusion) (min 6 of esmolol infusion) esmolol infusion 

Control 

ES NM NM NM NM 

NE 241.5 + 53.3 145.5 + 36.6 194.3 + 23.7 NM 
Group 1 

ES NM 1248 + 115 1154 + 119 63 {n = 1)8 

NE 262.4 + 16.8 164.1 + 16.9 364.8 + 53.1¢° NM 
Group 2 

ES NM 2359 + 365" 2355 + 167" 421 (n = 1¥ 

NE 264.3 + 55.4 264.1 + 39,4747 306.0 + 57.1 NM 
Group 3 

ES NM 4878 + 481"« 2821 + 338° 758 + 130 (n = 2} 

NE 266.7 + 99.8 96.7 + 11.7 159.8 + 45.2 NM 


Mean values + sem. Abbreviations: ES, esmolol; NE, norepinephrine; NM, not measured. 
ap < 0.05 vs group 1. °P < 0.0001 vs group 1. ‘P < 0.0001 vs group 2. 4P < 0.01 vs group 3. ‘P < 0.05 vs control. /P < 0.01 vs control. sAll others had 


nondetectable values 15 min after termination of infusion. 


not only attenuates the increase in HR and RPP in 
response to stimuli (16), but also may increase sys- 
temic vascular resistance (17,18). 

Myocardial oxygen consumption (MVo;) was not 
measured in our patients, but the RPP is a good cor- 
relate of overall MVo, (19), and esmolol significantly 
attenuated the increase in RPP in all treated groups. 
Thus it is presumed that esmolol decreased MVo, in 
these patients. Although the RPP does not predict 
regional myocardial supply-demand relationships, 
examination of the individual components (HR and 
blood pressure) is useful in management of ischemic 
heart disease (20). Comparison of the increase in RPP 
in the esmolol-treated groups with the control group, 
reveals that increases in RPP were more a result of 
an increase in blood pressure rather than HR in es- 
molol-treated patients. This state is more compatible 
with equalizing oxygen supply and demand rather 
than having greater increases in HR, as seen in the 
control group. An increase in blood pressure without 
a change in HR appears to be better for myocardial 
oxygenation than an increase in HR along with the 
increase in blood pressure (21). Despite these theo- 
retical advantages of esmolol, ST-segment changes 
compatible with ischemia occurred in one patient in 
each group in the present investigation. 

A surprise finding in this study was the absence 
of an esmolol dose-dependent effect despite signifi- 
cantly different blood levels with the three different 
esmolol infusion schemes. Sum et al. found dose- 
related (50, 150, and 400 ug-kg~'smin~') differences 
in attenuating the B-agonist effects of isoproterenol 
(22). The findings in the present study might be ex- 
plained by lower dosages maximally blocking the 
B-receptors with no additional blocking action from 


the higher dosages. Alternatively, although there was 
a 2.5-fold difference in total amount of esmolol in- 
fused in the patients (1100 wg-kg~'smin~! in group 1 
vs 2700 ug'kg ` ‘min™t in group 3), perhaps this is not 
a sufficiently large enough difference despite a four- 
fold range in mean plasma blood levels prior to in- 
tubation (1248-4878 ng/ml) to produce a dose-effect 
relationship. Regardless of the reason, we were un- 
able to show a dose-dependent effect of esmolol on 
hemodynamic variables in anesthetized humans. 
The duration of B-adrenergic blockade with es- 
molol was brief. Five minutes after the cessation of 
esmolol infusion there was no longer a difference in 
HR between the esmolol groups and the control group. 
This relatively short duration of B-adrenergic block- 
ade effect is consistent with laboratory data showing 
a markedly shorter duration of B-blockade with es- 
molol compared to propranolol (2). Esmolol effects in 
that study disappeared in 10-15 min, whereas pro- 
pranolol effects remained for a much longer time. The 
short-lived action of esmolol is due to rapid plasma 
clearance. Esmolol is hydrolyzed by esterases in dog 
and human blood (23). In healthy awake humans, the 
distribution and elimination t, average 2 and 9 min, 
respectively (22). In the present study, sampling was 
not sufficiently frequent to permit pharmacokinetic 
modeling of blood esmolol data, but the drug was 
detectable in only 4 of the 30 patients 15 min after 
cessation of infusion. Assuming a first order decay, 
the approximate half-life in these four patients was 
10.5 min. However, the actual half-life for the entire 
group was much lower than this value because this 
mean does not reflect the majority of the cases, in 
whom the plasma esmolol level was not detectable. 
In summary, this is the first study evaluating the 
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cardiovascular effects of various doses of esmolol. Es- 
molol is safe and effective in attenuating the HR re- 
sponse associated with laryngoscopy and intubation 
in lightly anesthetized patients undergoing myo- 
cardial revascularization surgery. The rapid disap- 
pearance of esmolol from the blood paralleled the 
short duration of HR effect in this study. There are 
many potential uses for this unique f-adrenergic 
blocker in the perioperative period. 


The authors are grateful for the cooperation of our surgical col- 
leagues, Drs. J.K. Kirklin, G.L. Zorn, R.B. Karp, A.D. Pacifico, and 
D.C. McGiffin. 
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After meperidine administration during labor, meperidine 
reaches its highest level in fetal tissues within 2~3 hr. The 
highest levels of normeperidine, the active metabolite of me- 
peridine, are, on the other hand, determined in fetal tissues 
by the time between administration of meperidine to the 
mother and delivery: the greater the drug-to-delivery inter- 
val (DDI), the higher the fetal levels of normeperidine. Be- 
cause of the different times to peak fetal levels of meperidine 
and normeperidine, it may be possible to partially separate 
the effects of meperidine and its metabolite on the neonate 
using the DDI. The purpose of this study was to determine 
whether low doses of meperidine affected performance on the 
Brazelton Neonatal Behavioral Assessment Scale (BNBAS), 
and whether this performance is related to the DDI or to 
levels of meperidine or to normeperidine. Sixteen control 
neonates whose mothers received no meperidine and 41 study 
infants whose mothers received 25-100 mg meperidine in- 
travenously (mean 39 + 19 mg) were studied. Comparisons 


Meperidine (Demerol) is widely used as a narcotic 
analgesic in obstetrics (1). It is known to cross the 
placenta, reach the fetus, and appear in breast milk 
(2-4). Furthermore, meperidine has a pharmacolog- 
ically active metabolite, normeperidine, which may 
also affect the fetus (4). Although meperidine has been 
used in obstetrics since 1939, neither its pharmacology 
nor its effects on neonatal neurobehavior has been 
fully elucidated. 

The study of the pharmacology of meperidine was 
hampered until the 1970s by the lack of suitable an- 
alytical techniques. In 1971 O'Donoghue adminis- 
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of BNBAS scores of control and study infants measured at 
< 12 hr, again at 3 days of age, and the effect of DDI were 
made using repeated measures analyses of variance 
(ANOVA). Correlation techniques were used to examine 
relationships between BNBAS performance and clinical and 
pharmacological variables related to drug administration. 
The BNBAS cluster scores representing regulation of state 
and number of abnormal reflexes were significantly different 
in study neonates from control neonates. Performance de- 
pended upon test day. Further analysis showed that longer 
DDIs resulted in less optimal BNBAS performance. The 
number of abnormal reflexes was significantly related to the 
DDI at both test times. Longer DDIs resulted in more 
abnormal reflexes. Cord venous pH and maternal parity 
were significant covariates. These results suggest that even 
low doses of meperidine may influence neonatal behavior. 
Furthermore, the difference in BNBAS scores suggests that- 
less optimal performance with longer DDIs may be caused 
by normeperidine. 


Key Words: ANESTHESIA—obstetric. ANALGE- 
SICS—meperidine. 


tered meperidine to neonates of untreated mothers 
and showed that neonates could metabolize meper- 
idine within 24 hr after birth (5). She was able to 
identify meperidine, normeperidine, and meperidinic 
acid in urine from these neonates. Her results showed 
that the neonate had a much greater ability to me- 
tabolize drugs than was thought previously, and that 
this ability increased substantially within the first 72 
hr after birth. Subsequent studies documented the 
appearance of normeperidine in maternal plasma dur- 
ing labor (6) and in cord blood (7,8), and verified the 
presence of normeperidine in neonatal urine (7,9). It 
is now well accepted that the neonate can produce 
normeperidine, but at a much slower rate than the 
mother (5,9). Studies of the disposition of meperidine 
at birth have shown that cord blood levels decrease 
with time from administration of the drug to the mother 
(7), but that meperidine reaches its highest level in 
fetal tissues within 2-3 hr after administration to the 
mother (7,10). Studies of the disposition of norme- 
peridine at birth have shown that cord blood levels 
increase with time from administration to the mother, 
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and that normeperidine reaches its highest level in 
fetal tissues with longer drug-to-delivery intervals (DDI) 
(7). Levels of normeperidine in neonatal tissues are 
related to both the levels of meperidine present in 
neonatal tissues at birth and to the drug-to-delivery 
interval (7). In the neonatal period, the half-life of 
meperidine is 13 hr; whereas the half-life of norme- 
peridine is 62 hr (11). Thus after the first day of life, 
normeperidine levels are higher than meperidine lev- 
els in both plasma and urine (11). 

It is known that large doses of meperidine given 
to the mother during labor can increase neonatal mor- 
bidity. Large doses have been related to respiratory 
depression (10,12,13), lowered Apgar scores (14), less 
than optimal acid=base status (13), and EEG irregu- 
larities (15,16). Moreover, neonatal morbidity is greater 
- when the mother is given meperidine 2-3 hr before 
delivery (4,16). If the drug is given closer to delivery, 
the adverse effects are fewer.(4). These studies (4,16) 
suggest that normeperidine may be the reason for the 
differences in neonatal effects related to differences 
in time between meperidine administration and de- 
livery of the infant. 

Studies of more subtle indices of neonatal neuro- 
behavior have reported positive, negative, and mar- 
ginal effects of meperidine. Differences in psycho- 
physical effects such as decreased looking times (17) 
and longer habituation rates (18,19) have been re- 
ported in meperidine-exposed vs control infants. Us- 
- ing the Brazelton Neonatal Behavioral Assessment Scale 
(BNBAS) (20) or modification thereof, less optimal 
- performance has been reported when meperidine was 
combined with épidural anesthesia (18), or meperi- 
dine was combined with other drugs (21); whereas 
. no effects of meperidine plus anesthesia (22) or low 
doses of meperidine alone (23) have been reported 
for the neonate. Indeed, more optimal neonatal per- 


formance has been reported after administration of , 


meperidine to the mother (24). Using the Scanlon test 
(25), generalized depression of neonatal test scores 
. during the first three days of life has been reported 
in a series of studies (26~28). Using other behavioral 
measures, researchers have concluded that meperi- 
dine has a deleterious effect on sleep-wake and ac- 
tivity cycles (29), newborn feeding (30), and possible 
effects on infant-caregiver interactions (31). From most 
of these studies it appears that meperidine plus other 
obstetrical medications may affect certain aspects of 
newborn behavior. Many of the previously men- 
tioned studies are, however, incomplete so that more 
specific statements about the effect of meperidine on 
neonatal outcome cannot be made. 

Many of the earlier studies are incomplete or ir- 
relevant to today’s practice of obstetrics for several 
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reasons. First, the dosages of meperidine given to 
laboring women are much lower today. In early stud- 
ies, increases in neonatal morbidity after doses of 200 
mg or more to the mothers were reported (10). Today 
doses of 75 mg or less are more common (32). Second, 
a combination of several drugs often was adminis- 
tered to laboring women in the early studies (18,21,22). 
The practice of combining drugs with different phar- 
macological actions with unstandardized dosage or 
potency scores, or attempting to control the effects of 
multiple drugs without considering possible syner- 
gistic or antagonistic drug interactions precludes the 
definition of meperidine effects (30). Third, few stud- 
ies have included data on the levels of meperidine in 
the infant at birth and none have reported norme- 
peridine levels. The lack of specific pharmacological 
data appears to be the most common flaw of this area 
of research (25). Fourth, appropriate nonmedicated 
control groups were often lacking (25). Finally, very 
few studies have included information regarding the 
time interval between administration of the drug to 
the mother and delivery of the infant. This informa- 
tion is important because neonatal morbidity has been 
found to be related to DDI (4,16). Furthermore, me- 
peridine reaches a peak in neonatal tissues at a 2-3 
hr DDI and normeperidine reaches a peak much later 
(7,10). The purpose of this study was to determine 
whether low doses of meperidine given intravenously 
during labor affect performance on the BNBAS (20) 
and whether this performance is related to the DDI 
or levels of meperidine, normeperidine, or both. 

There is a variety of measures designed to assess 
newborn functioning and the choice of the BNBAS 
for this study was based on a number of considera- 
tions. For example, some tests are more useful after 
one month of age, others are intended for use im- 
mediately after birth, and others are limited to as- 
sessment of only one aspect of newborns’ function 
(33). The BNBAS includes items descriptive of many 
aspects of neonatal behavior including reflexes, phys- 
iological responses to certain stresses, irritabil- 
ity—consolability, and social—interactive behavior with 
the caregiver. The BNBAS is the most widely used 
measure of newborn behavior and is well standard- 
ized (34). Therefore, the BNBAS was selected as the 
outcome measure for this study. 


Methods and Materials 


Fifty-seven healthy parturients at term with uncom- 
plicated pregnancies or labors who vaginally deliv- 
vered normal, healthy infants were included in this 
study. The study was approved by the Human In- 
vestigation Committee of Cleveland Metropolitan 
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General Hospital, and informed consent was obtained 
in early labor from each mother. Forty-one mothers 
were given meperidine intravenously for analgesia 
during labor, plus, in some cases, perineal infiltration 
of local anesthetic for delivery but no other medication 
for relief of pain prior to delivery of the infant. Sixteen 
mothers delivered without medication. 

Clinical characteristics were recorded for each preg- 
nancy. These included maternal antenatal character- 
istics—age, race, gravidity, parity, and length of la- 
bor; and neonatal characteristics—gestational age as 
determined by the Ballard modification of the Du- 
bowitz examination (35), Apgar scores at 1 and 5 min, 
birth weight, cord venous pH (in 14 control and in 
24 study infants), and sex. 

Pharmacological data were recorded for each mother. 
These included the number of doses and the total dose 
of meperidine administered as well as the DDI for the 
first and last dose. Concentrations of meperidine and 
normeperidine in cord venous blood were determined 
by gas chromatography—mass spectrometry (8) in 22 
of the infants. 

Examinations using the BNBAS were performed by 
one of two trained examiners who were blind to ma- 
ternal history. Infants were examined within their first 
12 hr and at 3 days of age. All examinations were 
done midway between feedings, when the infants 
were expected to be sleeping. Reliability between the 
two examiners was checked and found to be 94%. 
Reliability was also monitored by periodically sending 
each of the examiners to Dr. Brazelton’s laboratory 
for reexamination during the 5 yr study period 
(1977-1982). Neonatal neurobehavioral performance 
was scored using the seven a priori behavioral clusters 
suggested by Lester et al. (36). These include clusters 
of the habituation, orientation, motor, range of state, 
regulation of state, autonomic regulation and number 
of abnormal reflexes. 

The analysis plan was designed to answer two ma- 
jor questions. First, did the infants exposed to me- 
peridine ditfer from the no-drug control infants on 
their Brazelton cluster scores? To address this ques- 
tion, the two Brazelton tests of the meperidine- 
exposed infants were compared with the tests of the 
no-drug control infants using a repeated measures 
analysis of variance (ANOVA). This analysis was de- 
signed to determine whether the Brazelton scores were 
affected by meperidine; the time when BNBAS scores 
were tested; or a combination effect (or ““interaction’’) 
of meperidine and time of BNBAS exam. For example, 
if the study group performed better than the control 
group on the first exam, but worse on the second, 
this would be an interaction effect. 

The second question that was asked was: did the 
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Table 1. Pharmacological Characteristics (n = 41) 


Meperidine Mean + sD Range 
No. doses administered 1.2 + 0.6 1-3 
No. mg administered 39 + 19 25-100 
DDI (min) 124 + 99 8-400 


DDI affect the BNBAS scores? This question was asked 
only for those clusters affected by the drug. To answer 
this question the subjects in the study group were 
divided into three groups based on their DDI, and 
the repeated measures ANOVA was used with this 
grouping of subjects. Here significant effects of the 
DDI group on the BNBAS scores were of interest. 

Classifying subjects into study vs control groups, 
or short, medium, or long DDIs does not take ad- 
vantage of the fact that the amount of drug in the 
infant’s system and the DDI are continuous variables. 
We wondered whether there was a linear relationship 
between drug levels and BNBAS scores, or between 
the number of minutes from drug administration to 
delivery and the scores. These questions and the re- 
lationship between infant pH (another continuous 
variable) and the BNBAS scores were studied by cor- 
relation techniques. If the information was available 
for a sufficient number of patients (e.g., DDI), step- 
wise regression was used so that variables like parity 
and length of labor could be controlled. If the infor- 
mation was only available for few of the patients, (i.e., 
pH and drug levels), then only simple correlations 
were used. P < 0.05 was accepted as statistically 
significant. 


Results 


Fifty-seven infants were studied. Each infant was tested 

„in the first 12 hr of life, at 3 days of age, or both. 
Forty-seven infants had both BNBAS examinations. 
Table 1 summarizes the pharmacological variables. It 
can be seen that the amount of meperidine admin- 
istered to these patients was very low. Twenty-three 
patients received 25-mg doses, and fourteen received 
50 mg. Only one patient received 100 mg. All but six 
of the patients received single 25- or 50-mg doses. The 
time interval between administration of the drug and 
delivery ranged from 8-400 min. 

The clinical characteristics of the mothers and neo- 
nates are shown in Tables 2 and 3. All mothers were 
healthy and had normal labors and vaginal deliveries. 
The parity of control mothers was significantly greater 
than the parity of the study mothers (t = 2.94, P < 
0.01) and control mothers had significantly shorter 
labors (t = 2.6, P < 0.01) than the study group. Twenty- 
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Table 2. Clinical Characteristics of Study and 
Control Mothers 





Study group Control group 
Characteristics (n = 41) (n = 16) 
Gravidity 2.2 35 2 Le 
(1-5) (1-7) 
Parity 0.7 + 0.8 Er 
(0-4) (0-5) 
Age (yr) 22.0 + 4.7 21.8 + 4.3 
(16-36) (15-32) 
Length of labor (hr) 10.6 + 4.7 7.1 + 4.49 
(3-26.5) (0.23~14.4) 
Local perineal infiltration 
None 20 16 
Lidocaine 20 0 
Chioroprocaine 1 0 


Values given as mean + SD (range). 
aP < 0.01 by t-test. 


Table 3. Clinical Characteristics of Study and 
Control Neonates 





Study group Control group 


Characteristics (n = 41) (n = 16) 
Gestational age (weeks) 39.5 1 ey Ee ED 
(37—42) (38—42) 
Birthweight (g) 3282 + 430 3113 + 359 
(2580-4900) (2700-3900) 
Apgar < 7 at 1 min (n) 2 2 
Apgar < 7 at 5 min (n) 0 0 
Sex (n) 
Male 21 5 
Female 20 11 


Values given as mean + $0 (range). 


one of the 41 women (51%) receiving meperidine, but 
none of the 16 control mothers, required local perineal 
infiltration for episiotomy. All of the pregnancies had 
good outcomes. Only two infants in each group had 
1 min Apgar scores less than 7 (one 2 and one 5 in 


each group). There were no 5-min Apgar scores less, 


than 8. One control and two study infants had a cord 
venous pH less than 7.25 at delivery. 

Table 4 shows the mean, standard deviation, and 
range of meperidine and normeperidine cord vein 
plasma levels for the 22 study infants with samples 
available for laboratory analysis. All 22 of the infants 
had detectable meperidine levels; twelve had detect- 
able normeperidine levels. Normeperidine, but not 
meperidine, was found to be significantly and posi- 
tively correlated with the DDI (Pearson correlation 
coefficient 0.53, P < 0.05). 

To determine whether there were differences be- 
tween the control and study groups, a series of 2 
(study vs control group) x 2 (< 12 hr vs 3 day exam) 
repeated measures ANOVAs was conducted for each 
of the seven BNBAS clusters (36). These included ha- 
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Table 4. Meperidine and Normeperidine Cord Venous 
Plasma Levels (ng/ml) in Infants (n = 22) 


Drug Mean + SD Range 
Meperidine 94.5 + 51.6 40-221 
Normeperidine DAEA 0-32" 


"Detectable in 12 of 22 samples. 


bituation, orientation, motor, range of state, regula- 
tion of state, autonomic regulation, and number of 
abnormal reflexes. Because the control and study group 
mothers were significantly different in terms of parity, 
need for episiotomy, and length of labor, these vari- 
ables were considered possible covariates. That is, it 
was desirable to control for these factors in studying 
the group differences, to be more certain that it was 
the drug or control group status of the mothers that 
was influencing the BNBAS scores. Only parity showed 
a significant correlation with the BNBAS scores, and 
so parity was used as a covariate in the ANOVAs. 
Significant effects of the time of BNBAS testing were 
found for the orientation (F(1,46) = 4.32, P < 0.05), 
motor (F(1,46) = 11.96, P < 0.001), and autonomic 
regulation (F(1,46) = 4.27, P < 0.05) clusters. For all 
three clusters, the infants showed improved perform- 
ance on the second test. 

No significant effects of meperidine alone were 
found. However, significant interaction effects of time 
of test and meperidine were found for two clusters: 
regulation of state (F(1,46) = 4.62, P < 0.04) and 
reflexes (F(1,46) = 3.87, P < 0.05). These interactions 
are shown in Figures 1 and 2. In both cases, analysis 
of covariance showed that the group differences were 
not due to parity. For the regulation of state cluster, 
the drug group had a higher mean score on the first 
test, but on the second test the groups switched so 
that the control subjects had the optimal mean score 
(Fig. 1). (Standard deviations for the study group for 
the first and second exam were 0.92 and 0.95, re- 
spectively; and for the control group, 1.03 and 1.01, 
respectively). It should be noted that although the 
mean differences between the groups were significant, 
the groups differed by less than one scale point on 
the test and, therefore, the differences may not be 
clinically meaningful. The reflex cluster is simply the 
number of abnormal reflexes, so that on this cluster 
a low score is optimal. Figure 2 shows that the relative 
position of the drug and control group mean scores 
also depended on the exam day: the control group 
had significantly more optimal scores on the first ex- 
amination, while the drug group’s scores are signif- 
icantly more optimal on the second examination day. 
(Standard deviations for the study group for the first 
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Figure 1. Comparison of mean levels of regulation of state cluster 
scores for control and drug groups. 


and second exam were 1.45 and 0.64, respectively; 
and for the control group, 1.25 and 1.21, respectively.) 

The two regulation of state cluster scores and the 
two reflex cluster scores were then studied further for 
the drug group only, to determine whether there was 
a relationship between the scores and the DDI. The 
subjects were first divided into three groups based on 
the number of minutes that elapsed between the 
administration of the meperidine and the delivery of 
the infant: long (> 3 hr), medium (> 1 hr and < 3 
hr), and short (< 1 hr) intervals were studied. A 2 
(exam day) x 3 (DDI group) repeated measures AN- 
OVA was then used to determine whether the DDI 
affected the BNBAS scores. None of these ANOVA 
analyses revealed a significant difference. 

To further explore the relationship between DDI 
and newborn regulation of state and reflexes, a regres- 
sion analysis was done to determine whether the DDI 
and cluster scores were significantly correlated after 
controlling for the number of doses of meperidine 
given to the mother, her age, gravidity, and length 
of labor. For the reflex cluster, the regression analysis 
showed a significant relationship on both the first 
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Figure 2. Comparison of mean levels of number of abnormal re- 
flexes for control and drug group. 


(F(5,28) = 3.90, P < 0.01) and second exam (F(5,31) 
= 4.32, P< 0.01). On both examination days, a longer 
DDI was significantly associated with more abnormal 
reflexes. This is displayed for the reflex cluster in Fig- 
ure 3. For this cluster, the group means are ordered; 
less optimal performance is seen with longer drug- 
to-delivery intervals. (Standard deviations for the first 
and second exam were 0.67 and 0.39 for < 1 hr, 0.98 
and 0.67 for 1-3 hr, and 2.27 and 0.88 for > 3 hr, 
erespectively.) 

Closer examination of scatter plots showed that the 
results on the first exam were significantly influenced 
by two neonates in the longest DDI group (DDIs of 
218 and 400 min) who had five and six abnormal re- 
flexes, respectively. When these two infants were re- 
moved from the analysis, the results from the first 
exam were no longer significant. The significant effect 
on the second examination was not due to extreme 
scores. Maternal gravidity and length of labor were 
significant covariates for the first and second exami- 
nation, respectively. This analysis supports a signif- 
icant relationship between neonatal behavior and DDI. 

Because meperidine effects were found most con- 
sistently for the reflex cluster score, the raw data were 
reviewed to determine whether the reflexes were 
scored as being abnormally hypotonic or hypertonic, 
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Figure 3. The relationship between the drug-to-delivery interval 
and the mean number of abnormal reflexes in the meperidine group. 


and which reflexes were most frequently scored as 
abnormal. All of the abnormal reflexes were scored 
as hypotonic responses as shown in Table 5. The re- 
flexes walking, standing, and placing were most fre- 
quently scored as abnormal, especially in the study 
group on the < 12 hr test. 

Analysis of the relationship between DDI and the 
regulation of state cluster showed a significant rela- 
tionship on the second testing only (F(5,31) = 2.651,.+ 
P < 0.05). Again, a longer DDI was associated with 
less optimal regulation of state. 

No significant relationships could be demonstrated 
between the cord blood levels of meperidine and nor- 
meperidine and the regulation of state or reflex cluster 
scores using simple correlation analyses. The number 
of patients with drug levels was too small to do step- 
wise multiple regression analyses. 

Similarly, the number of neonates in the drug group 
with cord venous pH levels was too small for stepwise 
multiple regression analyses with several covariates. 
However, in this case, a significant simple correlation 
(r = —0.46, P < 0.05, n = 21) was found between 
the 3-day reflex score and pH. The relationship be- 
tween the DDI and the 3-day reflex score was not 
caused by pH, however, because the partial correla- 
tion coefficient between reflex and DDI remained sig- 
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nificant even when pH was forced in as a control 
variable. 


Discussion 


The purpose of this study was to test the hypothesis 
that low doses of meperidine given intravenously 
during labor affect performance on the Brazelton Neo- 
natal Behavioral Assessment Scale and that perform- 
ance would be related to the drug-to-delivery interval 
and to neonatal cord blood levels of meperidine or 
normeperidine. This hypothesis was based on clinical 
reports of increased neonatal morbidity with longer 
drug-to-delivery intervals (4,16), pharmacological re- 
ports of increased fetal tissue uptake of meperidine 
at 2-3 hr after administration to the mother (7), and 
increased fetal tissue uptake of normeperidine with 
longer drug-to-delivery intervals (7,8). The present 
results suggest that even very low doses of meperi- 
dine can have subtle neonatal neurobehavioral ef- 
fects. Furthermore, with longer drug-to-delivery in- 
tervals, these effects are more pronounced. Although 
no relationship was found with cord vein drug levels, 
the persistence of effects to 3 days of age supports 
the possibility that neonatal levels of normeperidine 
affect neonatal neurobehavior. 

Earlier studies often lacked appropriate nonmedi- 
cated controls. This study included a control group 
that was nonmedicated. However, we expected to 
find that the controls were more parous and had shorter 
labors than the study mothers. The reason for this is 
that in shorter labor, usually less analgesia is required. 
Similarly, more parous women have shorter labors. 
Statistical techniques that allowed for control of these 
variables were thus needed to eliminate the effects of 
these clinical factors on neonatal neurobehavior. Be- 
cause parity was the only variable that was signifi- 
cantly related to BNBAS scores, parity was used as a 
covariate in subsequent analyses. Length of labor was 
not related to test score. 

Once the effects of the clinical covariates that are 
known to affect neonatal outcome were taken into 
account, it was found that very low doses of meper- 
idine affected neonatal neurobehavior. In particular, 
regulation of state and the number of abnormal re- 
flexes were affected. In each case, less optimal per- 
formance on at least one of the test days was noted. 
Furthermore, these findings were more apparent in 
the changes in test scores over time. It would be ex- 
pected that improvement in test scores would occur 
as a neonate recovers from the stresses of labor and 
delivery and adapts to the extrauterine environment. 
In regards to regulation of state, there was a greater 
improvement in test scores from the first to the second 
exam in the control group than in the drug group. In 
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Table 5. Number of Abnormal Reflexes Found for Study and Control Neonates 


Second exam 


Study group Control group Study group Control group 

Reflex n (%) n (%) n (%) n (%) 
Standing 8 (22) 1 (6) 3 (8) 2 (13) 
Automatic 9 (25) 1 (6) 3 (8) 3 (19) 

walking 
Placing 3 (8) 1 (6) 1 (3) 2 (13) 
Crawling 3 (8) 1 (6) — 1 (6) 
Incurvation 4 (11) 2 (13) 1 (3) — 
Nystagmus 1 (3) — 2 (5) — 
Rooting 2 (6) — — — 
Sucking 1 (3) — — — 
Hand 1 (3) — — — 
Ankle 1 (3) — 2 (5) — 
Babinski — — 1 (3) — 


No neonates in either group were found with abnormal tonic deviation of head and eyes, tonic neck, or moro reflexes or abnormal passive movements 


of the arms or legs. 


regards to the number of abnormal reflexes, there was 
a large improvement in the drug group, and the scores 
were similar to the controls on the second exam. These 
findings disagree with a previous study in which no 
effects of low doses of meperidine vs no medication 
could be found (23). It is important to note that the 
reflexes most affected were walking, standing, and 
placing rather than reflexes that could affect feeding, 
such as sucking and rooting. 

The results of this study only indirectly support 
the hypothesis of adverse effects due to the meperi- 
dine metabolite, normeperidine. The relationship on 
both days between DDI and number of abnormal re- 
flexes supports involvement of normeperidine. This 
is because with longer drug to delivery intervals, in- 
fants have more normeperidine in their tissues at birth. 
This was seen in the present study and has been 
reported previously (7,8). Furthermore, this is sup- 
ported by recent studies showing that both neonatal 
urine and plasma levels of normeperidine at three 
days of age are considerably greater than meperidine 
levels (7,9,11). For example, neonatal plasma nor- 
meperidine levels may be 2-100 times higher than 
meperidine plasma levels at 3 days (11). However, 
we found no direct correlation between meperidine 
or normeperidine levels at birth and neonatal out- 
come in the present study. It may be that drug levels 
at birth are not representative enough of body burden 
of drugs and that drug levels obtained closer to the 
time of exam would be more predictive of neurobe- 
havioral scores. The hypothesis of the involvement 
of a metabolite needs to be tested by obtaining me- 
peridine and normeperidine levels at the completion 
of each neurobehavioral examination. 

With longer labors, infants tend to become acidotic. 
Therefore, it is hard to distinguish between the effects 
of the DDI and pH on neonatal neurobehavior. How- 


ever, there was a statistically significant effect in this 
study of DDI independent of pH. This was most ob- 
vious with the reflex cluster, where pH was forced 
into the regression equation and the DDI-reflex re- 
lationship was still significant. It should be noted that 
two infants in the longest DDI group had 5 or more 
abnormal reflexes at birth. Most of the others had 0-2 
abnormal reflexes at delivery and fewer at 3 days of 
age. Nevertheless, lower BNBAS scores with longer 
drug-to-delivery intervals were still apparent at 3 days 
of age. 

The results of this study suggest that there are neu- 
robehavioral responses associated with very low lev- 
els of meperidine in normal healthy infants, but that 
they are subtle. The only differences noted in per- 
formance between the study and control groups were 
in the regulation of state and reflex clusters. The dif- 
ferences between means of the scores on the regu- 
lation of state cluster were less than one scale point. 
Horowitz et al. (37) and others have suggested that 
differences of one scale point or more are necessary 
to be considered meaningful. The number of abnormal 
reflexes reflect brainstem functioning that may not be 
apparent to the caregiver. However, the items in the 
regulation of state cluster include cuddliness, con- 
solability, self-quieting, and hand-to-mouth activity. 
Any of these behaviors could influence care- 
giver—infant interactions. Early social interactions may 
then influence infant development (38), and thus even 
subtle drug effects on the infant should be considered 
when drugs are administered during labor and delivery. 
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During closed-circuit anesthesia, the patient's inspired gas 
may become progressively contaminated by nonanesthetic 
gases. We studied the concentrations of methane, acetone, 
and nitrogen as nonanesthetic gas contaminants in the cir- 
cuit gas of 16 cases during closed-circuit anesthesia. After 
a “short” period of denitrogenation (6—8 min), average ni- 
trogen concentration in the closed circuit increased from 6.4 


Closed-circuit anesthesia has been proposed as an 
inexpensive but effective means of reducing air pol- 
lution by anesthetic gases in the operating room (1). 
Although keeping anesthetic gases and vapors within 
the circuit prevents their inhalation by the personnel 
in the operating room, the patient's inspired gas may 
become progressively contaminated by nonanesthetic 
gases. Nitrogen (2), volatile metabolic products of hal- 
othane (3), and carbon monoxide (4) have been de- 
tected during closed-circuit anesthesia. 

Pharmacokinetic theory suggests that the vapor of 
any volatile liquid contaminating the fresh gas inflow, 
stored in the anesthetic apparatus of patients’ tissues, 
or produced within the patients’ body can appear in 
the inspired gas during closed-circuit anesthesia. Us- 
ing gas chromatography we monitored the circuit gas 
of 16 patients for the appearance and accumulation 
of methane, nitrogen, and acetone during routine 
closed-circuit anesthesia. Flushing the circuit with high- 
inflow fresh gas was evaluated as a means of reducing 
the accumulated contaminants. 
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to 16.2%, methane from 4.3 to 22.4 ppm, and acetone from 
0.3 to 2.2 ppm. After “long” denitrogenation (33 min), 
average nitrogen concentration in the closed circuit in- 
creased from 1.0 to 5.1%, methane from 3.7 to 17.9 ppm, 
and acetone from 1.3 to 5.9 ppm. It is concluded that gases 
stored in tissues or produced within the body can appear in 
the patient's expired gas during closed-circuit anesthesia. 
Intermittent flushing of the circuit with high flow gases is 
suggested to remove these contaminants. 


Key Words: ANESTHETIC TECHNIQUES—closed 
circuit. EQUIPMENT—circults, closed. 


Methods 


Anesthesia Circuit 


All patients breathed gas mixtures from an anesthesia 
machine (Ohio 5333 EFP), the inspiratory and expi- 
ratory ports of which were fitted with corrugated 
polyethylene tubing. Inspired gases passed through 
a Cascade 1 Model Humidifier. The circuit had no 
leak at a static pressure of 60 cm water. Parallel ro- 
tameter flow meters permitted oxygen and nitrous 
oxide inflows to be accurately measured at rates from 
10 to 8000 ml/min. Halothane or enflurane, when used, 
were injected as a liquid directly into the expiratory 
limb or delivered as vapor by an out-of-circle Copper 
Kettle. 


Anesthetic Protocol 


We took measurements in 16 ASA physical status I 
or II patients undergoing routine clinical closed-circuit 
anesthesia for a variety of abdominal or peripheral 
operations. 


Series 1—Short denitrogenation. This series used a 
high-flow semi-closed system for 6-8 min before the 
circuit was closed. In nine patients, denitrogenation 
with 100% oxygen was carried out for 3 min prior to 
anesthetic induction with thiopental and tracheal in- 
tubation facilitated by succinylcholine. After intuba- 
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tion and during mechanical ventilation, 30% oxygen 
and 70% nitrous oxide with a total flow of 5 L/min 
were given until the expired oxygen read 30% by a 
polarographic analyzer (Foregger 450). This required 
3-5 min. The circuit was then closed and oxygen and 
nitrous oxide flows were adjusted to keep beth the 
expired oxygen concentration and reservoir bag vol- 
ume constant. Circuit gas was sampled at the time 
the circuit was closed and again 10, 20, 40, 8D, and 
160 min later according to the duration of surgery. 


Series 2—Long denitrogenation. This series used a 
high-flow semi-closed system for 33 min before the 
circuit was closed. Seven additional patients were 
denitrogenated with 100% oxygen, then anesthetized 
with thiopental and intubated with the aid of succi- 
nylcholine. Patients were then ventilated with 30% 
oxygen and 70% nitrous oxide via a semiclosed system 
with a total flow of 5 L/min for 30 min prior to closing 
the circuit. Again, oxygen and nitrous oxide flows 
were adjusted to keep the expired oxygen concentra- 
tion at 30% and reservoir bag volume constant. Circuit 
gas was sampled at the time the circuit was closed 
and again 10, 20, 40, 80, 120, 160, 240, and 320 min 
later, according to the duration of surgery. When in- 
spired concentrations of nitrous oxide were found to 
be less than 50% by gas chromatography, supple- 
mental thiopental, halothane, or enflurane was given 
to prevent awareness. In five patients we flushed the 
circuit at the end of the surgery with fresh anesthetic 
gases at 6 L/min for 2 min. Measurement of circle 
gases 2 min later allowed us to evaluate flushing as 
a means of reducing accumulated contaminant gases. 


Chromatography 


Circuit gas samples were analyzed for nitrogen, ox- 
ygen, nitrous oxide, and carbon dioxide by gas chro- 
matography using a thermal conductivity detector. 
Two-milliliter samples of gas were injected into a he- 
lium carrier stream flowing at 20 ml/min and sepa- 
rated at room temperature on either a 13 x molecular 
sieve or a Porapak Q column. Both were 112 cm long 
and 6.4 mm in diameter. The Porapak Q column sep- 
arated carbon dioxide and nitrous oxide; the sieve 
separated nitrogen and oxygen. To measure acetone 
and methane we used a flame ionization detector. For 
methane analysis, 1-ml samples of gas were injected 
into a helium carrier stream flowing at 10 ml/min and 
separated at room temperature on a Porapak T col- 
umn 180 cm long and 3.2 mm in diameter. For acetone 
analysis, the same column was heated to 160°C and 
the carrier flow increased to 30 ml/min. Room air and 
gravimetric standard gases were used to calibrate de- 
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Figure 1. When a high-flow semi-closed system was used for only 
6-8 min prior to circuit closure (Series I), the average circuit nitro- 
gen concentration increased from 6.4 to 16.2% during 120 min of 
closed-circuit anesthesia. 


tectors for nitrogen, oxygen, nitrous oxide, carbon 
dioxide, methane, and acetone. 


Results 


In Series I (short denitrogenation) the average nitro- 
gen concentration increased from 6.4% at circuit clo- 
sure to 16.2% at 120 min (Fig. 1). In six patients, the 
average methane concentration increased from 4.3 to 
22.4 ppm at 120 min. In one patient, the concentration 
of methane reached 229 ppm after 72 min. Average 
acetone concentration increased from 0.3 ppm at 0 
min to 2.2 ppm at the end of the case. 

In Series II (long denitrogenation) the average ni- 
trogen concentration increased from 1.0% at circuit 
closure to 5.1% at 120 min (Fig. 2). The average meth- 
ane concentration increased from 3.7 ppm at 0 min 
to 17.9 ppm at 120 min (Fig. 3). Average acetone con- 
centration increased from 1.3 ppm at 0 min to 5.9 ppm 
at the end of the case (Fig. 4). In five cases (3-7), 
flushing the anesthesia circuit with fresh gases for 2 
min at 6 L/min produced a dramatic decrease in meth- 
ane and nitrogen concentration in the circuit (Figs. 2, 
3), but decreased the concentration of acetone only 
minimally (Fig. 4). 


Discussion 


Any volatile compound or gas that can wash out from 
body tissue stores, wash out from production sites in 
the body tissues or bacterial flora of the bowel, con- 
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Figure 2. With a high-flow semi-closed system in use for 33 min 
prior to circuit closure (Series II), the average nitrogen concentra- 
tion was reduced to 1.00% when the circuit was closed and in- 
creased to 5.13% after 120 min of closed-circuit anesthesia. Flushing 
the circuit with fresh anesthetic rapidly decreased the nitrogen level 
(dotted lines). 


taminate the fresh gas inflow, or leach from materials 
in the anesthetic apparatus may appear in the circuit 
during closed-circuit anesthesia. In the present study 
we have observed the accumulation of nitrogen, 
methane, and acetone in the inspired gas during closed- 
circuit anesthesia. The concentrations of these gases 
reached appreciable levels during prolonged 
anesthesia. 

We confirmed the finding of Barton and Nunn (2) 
that nitrogen accumulated in the closed circuit with 
time. Increasing the denitrogenation time from 8 to 
33 min lessened the rate at which the concentration 
of nitrogen increased, as well as the final value of 
nitrogen observed, but significant levels were still 
achieved. With a short period of denitrogenation, ni- 
trogen is probably transported to the lungs from all 
body tissue compartments. After 30 min of denitro- 
genation, a lean 70-kg subject still has 650 ml of ni- 
trogen stored in body fat (5). The more obese the 
patient, the greater the nitrogen fat store available for 
transport to the lung. In addition, inflow gases may 
contain trace amounts of nitrogen. Current USP 
standards do not specify the maximum amount of 
nitrogen that may be present in medical grade oxy- 
gen, but what 9685 ppm of USP oxygen can consist 
`- of is not defined by USP standards (6). USP oxygen 
usually contains 3000-5000 ppm argon and 50 ppm 
methane. A spot check of our hospital liquid oxygen 
source showed 1900 ppm of nitrogen. If approxi- 
mately 30 L of nitrous oxide are taken up and oxygen 
uptake is 300 ml/min, a 2-hr anesthetic in a patient 
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Figure 3. Using a high-flow semi-closed system for 33 min prior 
to circuit closure (Series II), the average methane concentration 
increased from 3.7 to 19.2 ppm after 120 min of closed-circuit anes- 
thesia. Flushing the circuit with fresh anesthetic gases at high flows 
rapidly washed out the methane (dotted lines). 


with a combined circuit gas and functional residual 
capacity volume of 8 L would result in a 0.8% increase 
in circuit nitrogen. This compares with an observed 
value of 4.1% in our patients with long denitrogen- 
ation times. This difference between the nitrogen con- 
centration in a closed circuit observed in the present 
study and that obtained by hypothetical calculations 
may be explained as follows. Before denitrogenation, 
body tissues of patients breathing ambient air are 
equilibrated with the nitrogen concentration in am- 
bient air (79%). Upon breathing 100% oxygen, nitro- 
gen stored in vessel-rich tissues (heart, brain, kidney, 
liver, etc.) is eliminated rapidly. In contrast, nitrogen 
stored in muscle, fat, and vessel poor tissues (carti- 
lage, bone, etc.) is still being eliminated in exhaled 
air even after 30 min of breathing oxygen, with re- 
sulting accumulation in a closed circuit. In addition, 
it is often difficult to get a perfectly leak-tight anes- 
thesia circuit in daily clinical practice, so that a small 
amount of ambient air may leak into a closed circuit 
and thus contribute to the increase in nitrogen con- 
centration in a closed circuit. During the same time 
the concentration of argon in a closed circuit in our 
hypothetical patient would increase up to 2.3% after 
2 hr if USP oxygen contains 5000 ppm argon. In a 
closed circuit, water vapor is usually saturated, and 
it must be subtracted when we calculate nitrous oxide 
concentration in a closed circuit. If the temperature 
of the gas in a circuit is 37°C, then the tension of water 
vapor in a circuit would be 47 mm.Hg, the same as 
the tension of alveolar water vapor in the normal, 
unanesthetized patient. The folly of assuming that the 
tension of nitrous oxide can be calculated as 100 minus 
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Figure 4. In Series II, the average acetone concentration increased 
from 1.3 ppm at the time the circuit was closed to 5.9 ppm at the 
end of the anesthesia. In contrast with nitrogen and methane, only 
a slight decrease in circuit acetone concentration followed rlushing 
with fresh gases (dotted lines). 


the percent oxygen is obvious. Occasional flushing at 
high flows with fresh gases provides a known con- 
centration of nitrous oxide in the circuit and helps to 
avoid patient awareness during anesthesia. Flushing 
is highly effective in removing nitrogen (Fig. 2) largely 
because of low water:gas partition coefficient of ni- 
trogen (0.015) (7). 

Methane is present in the atmosphere both as a 
geophysical constituent as well as a pollutant. Usual 
urban levels are 1.2 ppm (8). Hence our observed 
methane accumulation may be due both to inflow 
contamination and redistribution of bowel gas by the 
blood to the lungs. As mentioned above, USP oxygen 
has been found to have up to 50 ppm methane (5). 
A spot check of our hospital liquid oxygen source 
showed 5.4 ppm of methane. A similar check of our 
nitrous oxide bank showed 2.5 ppm of methane. If 
the same hypothetical calculations are made with 
methane as were done with oxygen, over a 2-hr an- 
esthetic the circuit methane concentration could in- 
crease to 24 ppm. This compares with 22 ppm in Series 
Tand 17.9 ppm in Series II. The single patient in whom 
the concentration of methane in the circuit increased 
to 229 ppm at 72 min probably produced methane in 
his bowel. Bowel methane production is highly vari- 
able among patients because of differences in bowel 
flora, but can be as high as 100 ppm in the expired 
gas of healthy volunteers (9). If the same production 
rate was seen in our hypothetical subject with an ex- 
pired minute volume of 5 L/min breathing USP oxy- 
gen with 50 ppm methane, 14 hr of closed-circuit 
anesthesia would be required to reach a flammable 
level of 5.4% methane in oxygen (10) within the cir- 
cuit. Methane is also rapidly removed from the circle 
gas by flushing (Fig. 3) because of its low aqueous, 


MORITA ET AL. 


lipid, and presumably, rubber partition coefficients 
(7). Hydrogen, a more common metabolite of bowel 
bacteria, can be excreted from the lungs at rates as 
high as 0.6 ml/min (11) and may represent a similar 
hazard. Maximal exhalation of hydrogen in a subject 
breathing with a combined circuit and functional re- 
sidual capacity of 8 L could result in a flammable 
hydrogen—oxygen level of 4.6% (10) after 11 hr of 
closed-circuit anesthesia. 

Acetone is normally produced in the liver during 
the metabolism of free fatty acids (12) and is excreted 
partially by the lungs (13). In diabetes and during 
fasting an elevated pulmonary excretion occurs (13). 
Because the water:gas and oil:gas partition coeffi- 
cients of acetone are approximately 300 (14) and 42 
(15), respectively, both water in tissues and water 
trapped within the circuit tend to dissolve the met- 
abolically generated acetone and decrease its rate of 
increase in the gas phase. Important sources of water 
in our closed circuit include the prime in the humid- 
ifier, condensate in the tubing, and the products of 
the reaction of carbon dioxide with the absorbant. 
Consequently, flushing the circuit with fresh gas for 
2 min fails to decrease the acetone concentration. 
Ethanol has a water-—gas partition coefficient of 1200 
(16) and may have similar accumulation and flushing 
kinetics to acetone. In closed-circuit anesthesia in the 
acutely intoxicated emergency patient, normal exhal- 
ation of ethanol will be prevented. Fresh gas flushing 
probably will be ineffective. 

With the introduction of the precolumn cold trap 
for concentrating gas samples, more than 110 organic 
and inorganic compounds in the ppm to ppt range 
have been identified by gas chromatography—mass 
spectroscopy in human exhaled air during open cir- 
cuit breathing (17,18). More than 32 of these com- 
pounds were present in the “zero grade air” that the 
subjects were inhaling (18). Recently the terpene lipid 
peroxidation product, isobutane, was detected after 
halothane anesthesia in humans (19). It seems rea- 
sonable that with the additional concentrating ability 
of closed-circuit breathing other compounds await 
identification. Closed-circuit anesthetic techniques 
may require far more stringent inspired gas standards 
(20). 

We conclude that minor metabolic gases such as 
methane, acetone, and hydrogen and the common 
intoxicant ethanol can accumulate in the inspired gas 
during closed-circuit anesthesia. In extreme cases the 
uncommon combination of prolonged anesthetics, 
proper bowel flora, and substrate intake or alcohol 
consumption may result in a situation in which gases 
within the circuit may reach flammable levels. Nitro- 
gen dissolved in body fat stores as well as nitrogen; 


GAS ACCUMULATION IN CLOSED CIRCUIT 


argon in the fresh gas inflow also may accumulate 
within the circuit, dilute the nitrous oxide, and may 
contribute to patient awareness, although awareness 
under anesthesia is not solely dependent on the ni- 
trous oxide tension. Occasional flushing with fresh 
anesthetic gases is highly effective in reducing the 
concentrations of water-insoluble gases such as nitro- 
gen, methane, and hydrogen. Highly soluble com- 
pounds such as acetone and presumably ethanol are, 
however, not readily removed by flushing. Dietary 
history, obesity, the purity of inflow gases, and the 
need for frequent flushing with fresh anesthetic gases 
should be considered when a closed-circuit technique 
is used. 
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Review Article 


Protamine: A Review of its Toxicity 


Jan Charles Horrow, MD 


Protamine is a polycationic peptide obtained from fish 
that is used to reverse anticoagulation induced by 
heparin. Between 1970 and 1979, approximately thir- 
teen publications addressed the adverse cardiovas- 
cular effects of protamine. The last four years have 
produced an additional 30 reports. One of the primary 
explanations for this recent increase in the frequency 
of reports of adverse responses is the more wide- 
spread use of protamine owing to increased numbers 
of vascular and cardiovascular procedures. 

Animal investigations in the early 1970s implied 
that protamine induced hypotension via a direct car- 
diac depressant effect. Recent advances in cardiovas- 
cular physiology and further investigations of the ac- 
tions of protamine imply that this drug’s effects are 
more complex. The purpose of this review is to ex- 
amine the data available regarding the predictable and 
the idiosyncratic adverse cardiovascular responses to 
protamine. It is hoped that scrutiny of the animal 
investigations, prospective human studies, and case 
reports available in the literature will promote an un- 
derstanding of the difficulties associated with use of 
this drug. 


History and Pharmacology of Protamine 


Friedrick Miescher began investigations of the cell nu- 
cleus in 1868 that led to the identification of a nitrog- 
enous base bound to nuclear material of Rhine salmon 
sperm heads. He named this substance protamine (1). 
Subsequent studies by Kossel of various histones and 
protamines identified these compounds as proteins. 
Among proteins studied at that time, protamines pos- 
sessed the simplest amino-acid compositions. Using 
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protamines as prototypes, Meischer and his. col- 
leagues established the fundamentals of protein 
chemistry. 

The protamines were named according to their 
sources—clupeine from herring, salmine from salmon, 
and scombrine from mackerel. Commercially avail- 
able protamine is currently prepared from salmon milt, 
the secretion-laden male gonads. The ground and fil- 
tered milt is heated with alcohol (defatted), precipi- 
tated with alcohol and sodium chloride, then heated, 
filtered, and depyrogenated. The dried powder, pre- 
pared in Japan, is packaged and marketed in the United 
States as either powder (Upjohn Company, Kala- 
mazoo, MJ) or solution (Eli Lilly and Company, In- 
dianapolis, IN). 

Nearly 67% of the amino-acid composition of prot- 
amine is arginine, making it a highly alkaline poly- 
cationic compound with a molecular weight of about 
4500 daltons (1). The multiple positive charges on 
protamine associate with negatively charged phos- 
phate groups on DNA to form the nucleoprotamine 
of sperm (see Fig. 1). Heparin, a polyanionic muco- 
polysaccharide, induces anticoagulation by activating 
antithrombin III (2). When protamine is added to hep- 
arin in vitro, ionic forces form a stable precipitate (2,3). 
In fact, protamine has two active sites, one of which 
neutralizes heparin. The other exerts a mild antico- 
agulant effect (4). In the mid 1930s, Best encouraged 
his colleague Jaques to investigate protamine as an 
antidote to heparin in a clinical setting. Jaques was 
the first to develop the protamine titration assay for 
heparin and document in vivo neutralization of hep- 
arin using protamine (3). 

Protamine has found clinical uses other than re- 
versal of heparin-induced anticoagulation. Hagedorn 
et al. demonstrated its use to prolong absorption of 
subcutaneously administered insulin. Complexes of 
protamine and insulin include protamine—zinc insu- 
lin, with onset of action 7 hr after injection and 36-hr 
duration, and isophane insulin, with onset in 2 hr 
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Figure 1. Wavy lines travelling vertically denote the DNA helix, 
with deep and small grooves identified. The linear sausage-shaped 
structure is protamine, with arginine side chains shown interacting 
with the phosphate groups of DNA (shown as black circles). (Re- 
produced with permission from Wilkins MHF. Physical studies of 
the molecular structure of deoxyribose nucleic acid and nucleo- 
protein. Cold Spring Harbor Symp Quant Biol 1956;21:83.) 


and 24-hr duration (5). Isophane insulin is also known 
as NPH insulin (N for neutral, P for protamine, and 
H for Hagedorn). 

Additional uses for protamine have been of tran- 
sient popularity. Prior to the use of cardioplegia, some 
surgeons found that topical application of protamine 
upon the fibrillating heart decreased the amplitude of 
fibrillation (6). The drug was even seriously tried as 
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an antineoplastic agent. Although those trials were 
unimpressive (7), more recent investigations dem- 
onstrate that protamine inhibits angiogenesis (8). 
Nevertheless, reversal of heparin-induced anticoag- 
ulation and prolongation of the effects of insulin re- 
main the only clinical uses at this time. 

Alternatives to protamine for reversal of heparin- 
induced anticoagulation include hexadimethrine and 
toluidine blue (9). Hexadimethrine is clinically effec- 
tive as a heparin antidote (10), and has been used 
successfully when protamine was contraindicated (11). 
It is not currently available for clinical use in the United 
States. Toluidine blue is less suitable as a substitute 
for protamine because it is less efficacious and causes 
methemoglobin formation. 


Prospective Studies 


Adverse responses to protamine sulfate involve un- 
desirable cardiovascular changes, particularly sys- 
temic hypotension. Laboratory and prospective clin- 
ical studies of the hemodynamic sequelae of protamine 
administration afford an unbiased view of the drug’s 
predictable effects. These will be considered prior to 
an examination of published case reports of idiosyn- 
cratic responses. 


Animal Investigations 


Reports of protamine toxicity in animals appeared as 
early as 1900 (12). Beginning in 1939, toxic effects of 
protamine were reported in several species, including 
rabbits, rats, guinea pigs, mice, and dogs. Jaques (12) 
discovered marked variations in drug toxicity among 
species; dogs, for example, suffer transient and pro- 
found hypotension after receiving protamine, al- 
though this response occurs in rabbits, rats, guinea 
pigs, and mice only with unusually large doses. The 
canine preparation became a model for the study of 
protamine toxicity. The results of animal studies, 
summarized in Table 1, will be considered according 
to the hemodynamic variable studied. 


Systemic circulation. A decrease in systemic blood 
pressure (SBP), first noted in 1900, occurs after rapid 
administration of protamine to dogs. Jaques (12) dem- 
onstrated hypotension to 30 mm Hg occurring 30 sec 
after the injection of 5-10 mg/kg of protamine. A “‘re- 
fractory” period of 4-6 hr occurred, during which a 
second dose of drug failed to elicit the hypotensive 
response. The rate of injection was important: infu- 
sion over 4 min was benign, but the same dose over 
15 sec decreased SBP. 
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Table 1. Laboratory Investigations of Effects of Protamine in Dogs 


ee tN ttre 


Authors 


Findings 


Conclusions 





Jaques (12) 


Marked species variation in drug toxicity 


Anaphylactoid response - 


Need platelets for hypotensive response 
Rapid injection required for adverse response 


Goldman et al. (13) Decreased LVP, dp/dt, CO 


Negative inotrope* 


Elevated PAP, central and portal venous pressures 


Gourin et al. (17,18) 


Radegran et al. (14,19,23) 
Fadali et al. (15) 
Marin-Neto et al. (16) 
Iwatsuki et al. (25) 
Greene et al. (20) 


Decreased dp/dt 
Decreased dp/dt 


Increased dp/dt with constant left ventricular volume 


Elevated PAP, pulmonary venous wedge pressure 


Decreased rate of force development (isolated strips) 
No effect on fiber shortening or dp/dt 


Positive inotrope* 

Loss of preload 

Releases vasoactive substance 

Negative inotrope* 

Negative inotrope* 

Negative inotrope* 

Not a negative inotrope; 
decreases SVR 





“See text for discussion of the limitations of conclusions regarcing inotropic state. 


Goldman et al. (13) studied 74 dogs, 39 of whom 
had separate evaluations of the systemic and pul- 
monary circulations. SBP decreased after injection of 
protamine. This effect occurred whether protamine 
was injected intraarterially or intravenously and 
whether it was given into the systemic or the central 
circuit in dogs studied with a divided circulation. Also 
noted was an increase in portal venous pressure. Rad- 
egran et al. (14) administered 10 mg/kg of protamine 
to dogs at a rate of 30 mg/min. Systemic hypotension 
occurred 2.5-7 min after the infusion commenced. 
Repeat doses of protamine resulted in little or no 
hemodynamic change. Fadali et al. (15) gave heparin 
and protamine in rapid sequence to dogs, after which 
SBP decreased. Eight dogs investigated by Marin-Neto 
and colleagues (16) responded to 3 mg/kg of prot- 
amine infused over 2 min with decreased SBP. 

Gourin et al. (17) prevented the decrease in SBP by 
rapidly administering fluid after giving protamine. 
They had observed marked splanchnic engorgement, 
suggesting that protamine altered venous capaci- 
tance. Measurements of systemic vascular resistance 
(SVR) disclosed a decrease of 20-33% (17,18). De- 
creased SVR was confirmed by Radegran and 
McAshlan (19) ina study of 21 dogs. However, Marin- 
Neto et al. (16) reported a 42% increase in SVE after 
administration of 3 mg/kg of protamine, and no change 
in SVR after 6 mg/kg. Those authors used an aortic 
clamp during initial measurements and released it 5 
min after protamine administration. The sudden drop 
in SBP at a time when the effects of protamine were 
dissipating might have caused the increased SVR via 
the carotid sinus reflex. 

These and other studies (20,21) demonstrate de- 
creases in SBP after protamine injection. SVR also 
decreases in the absence of other interventions (78,19), 


but may be affected by reflex actions resulting from 
the decrease in SBP (16,17). Decreases in venous re- 
turn may contribute to the lowered SBP via effects on 
cardiac preload. 


Pulmonary circulation. Elevations of mean pulmo- 
nary arterial blood pressure (PAP) associated with 
protamine administration have been reported in three 
separate studies (13,19,22). Twenty-one dogs (19) 
showed elevations of PAP, pulmonary vascular re- 
sistance (PVR), and airway resistance. Pulmonary pe- 
techiae were prominent. In the same study in dogs 
pretreated with acetylsalicylic acid, protamine caused 
smaller increases in PAP and PVR, and the pulmonary 
petechiae were absent. A subsequent study (23) sought 
to differentiate between active pulmonary vasocon- 
striction and passive obstruction from platelet aggre- 
gates as the etiology of the increased PVR. This was 
accomplished by simultaneously measuring PAP, left 
atrial pressure (LAP), and the occlusion pressure in 
a small pulmonary vein. Both pulmonary vein pres- 
sure and PAP increased, while LAP was unchanged. 
Assuming that passive obstruction by platelet aggre- 
gates should decrease pulmonary vein pressure, ac- 
tive vasoconstriction is more likely the mechanism 
responsible for the increased PVR. The increases in 
PAP and PVR are not restricted to dogs. Four groups 
of pigs (22) displayed similar responses. Thus the re- 
sponse of the pulmonary circulation to rapid injection 
of protamine is elevation of PAP and PVR. This is 
likely due to active vasoconstriction in the pulmonary 
circuit. 


Heart. Multiple animal investigations document a 
decrease in cardiac output (CO) after protamine 
administration (13,15,16,19,21,22). Decreases in CO 
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or cardiac index (CI) can result from changes in one 
or more of the following: heart rate, afterload, pre- 
load, and contractility. These determinants will be 
considered in turn. 

Most studies controlled heart rate by pacing, thus 
allowing no conclusions as to the effect of changes in 
heart rate on CO. As previously mentioned, SVR de- 
creases. To the extent that this reduces afterload of 
the heart, SVR reduction should increase CO, not 
decrease it. With respect to preload, Goldman (13) 
demonstrated that protamine elevates central venous 
and portal pressures. In contrast, LAP was un- 
changed in the study of Radegran et al. (23). The 
splanchnic engorgement observed by Gourin et al. 
(17) is consistent with a reduction in venous return 
and hence a decreased preload. Fluid infusion was 
required to maintain a constant left ventricular vol- 
ume in their studies (17). Although no clear consensus 
is apparent from these independent measures of pre- 
load, measurement of filling volumes as in the study 
by Gourin et al. appears the most appropriate, and it 
is reasonable to conclude that protamine decreases 
preload. 

Alteration of the contractile state of the heart has 
received the most attention in animal investigations. 
Interpretation of these data requires an appreciation 
of the difficulties associated with measurement of the 
inotropic state. Although a complete discussion of the 
physiologic aspects of inotropy is beyond the scope 
of this review, the limitations associated with certain 
methods warrant mention. Efforts to measure ino- 
tropy focus on the velocity of contraction for a con- 
tractile element (Vcg) using the Hill model of muscle 
(24). Derivation of an expression for Vcr yields 
(K) (dpidt)/LVP where K is a constant, dp/dt is the rate 
of increase of LVP during systole, and LVP is left 
ventricular intracavitary pressure. The maximum in- 
stantaneous value of the expression during a cardiac 
cycle, termed the peak measured velocity (Vpm), is 
used. Measures of dp/dt not adjusted for changes in 
LVP as well as ratios of mean values of dp/dt and LVP 
are less desirable. To complicate matters more, cardiac 
muscle does not behave according to the Hill model 
(24). Fiber length, as well as contractility, affects Vpy. 
Studies of isolated cardiac muscles are not easily com- 
pared with those utilizing the intact heart because the 
latter lack isometric conditions and also because ven- 
tricular geometry itself changes at low pressures. With 
these limitations in mind, however, the data available 
from animal studies will be presented. 

Initial efforts by Goldman et al. (13) to measure 
inotropy during protamine administration revealed 
decreased LVP and dp/dt. However, when heart rate 
and left ventricular volume were kept constant (18), 
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LVP and dp/dt both increased. In these studies (13,18), 
LVP was apparently measured during systole. Fadali 
et al. (15) confirmed the finding of Goldman et al. 
that dp/dt was depressed when ventricular filling vol- 
ume was not controlled. Marin-Neto et al. (16) also 
found depression of dp/dt associated with protamine, 
although the mean left ventricular filling pressure was 
not significantly changed. None of these results per- 
mits firm conclusions regarding alteration of cardiac 
contractility by protamine. Even the results of the last 
mentioned investigation cannot be used to calculate 
Vpm because the instantaneous ratios of dp/dt to LVP 
were not recorded. 

Iwatsuki et al. (25) measured isometric force and 
maximum velocity of shortening in vitro in strips of 
right ventricular trabeculae at 30°C. Isometric force 
and the rate of force development were depressed by 
the addition of 12.5 mg/L of protamine to the bathing 
solution. 

Greene et al. (20) administered intracoronary prot- 
amine and measured systolic LVP and dp/dt as global 
indices of ventricular function. Intact myocardial fiber 
length served as a regional index. No changes oc- 
curred in any parameter, either when the coronaries 
were kept patent or when ischemia was induced. The 
absence of changes in the rate of myocardial fiber 
shortening in the intact heart provides rather com- 
pelling evidence for the lack of a protamine effect on 
the contractile state of the heart. 


Role of platelets. Jaques (12) first reported significant 
thrombocytopenia associated with protamine admin- 
istration in 1949. It began just before the systemic 
hypotension and reached a nadir, only 10% of base- 
line, within 4 min. Leukopenia also occurred. When 
thrombocytopenia was experimentally induced by 
glycogen, subsequent protamine administration did 
not decrease SBP, suggesting that platelets are re- 
quired for this hypotensive response. Radegran et al. 
(14,19) found that protamine-induced thrombocyto- 
penia was associated with elevation of PAP and 
depression of SBP. Acetylsalicylic acid did not prevent 
a 93% decrease in platelet count (19), although PAP 
and PVR alterations were blunted and pulmonary pe- 
techiae were prevented. The precise manner in which 
platelets participate in adverse responses to prot- 
amine is unknown. 


Roles of heparin and thrombin. Many investigations 
compared the cardiovascular effects of protamine ad- 
ministered in the presence of circulating heparin and 
in its absence. In the study by Goldman et al. (13), 
decreases in LVP, dp/dt, and CO occurred in either 
instance. However, administration of heparin fol- 
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lowed by protamine reduced SBP, while administra- 
tion of protamine alone elevated SBP. In contrast, 
prior heparin did not alter the changes in SBP, PAP, 
and platelet count associated with protamine in the 
study by Radegran et al. (14). However, a curious 
“recharging” effect was discovered. The sequence: 
heparin —> protamine —> hemodynamic reaction —> 
recovery > protamine was associated with no hemo- 
dynamic changes after the second protamine dose 
(14), corroborating the results of Jaques (12). But the 
sequence: heparin —> protamine —> hemodynamic re- 
action — recovery — heparin —> protamine did result 
in typical hematologic and hemodynamic changes after 
the second protamine dose. A recent investigation in 
pigs (22), which revealed elevation of PAP and PVR 
and a decrease in CO after rapid administration of 3 
mg/kg of protamine to heparinized animals, described 
no such changes when protamine was given before 
the heparin. The adverse hemodynamic effects did 
occur when protamine and heparin were mixed in 
vitro immediately before injection. 

There is no ready explanation for the modulating 
effect of heparin on the responses to protamine. One 
possibility is that changes resulting from rapid injec- 
tion of protamine are related to in vivo formation of 
a heparin—protamine complex (22). Although the re- 
charging effect (14) is consistent with this hypothesis, 
hemodynamic effects occurring in the absence of prior 
heparin (14) remain unexplained. Several phenomena 
may be involved in these responses. 

Radegran et al. (14) found that thrombin acted like 
heparin as regards recharging for an adverse re- 
sponse: even after multiple protamine infusions had 
extinguished hemodynamic changes, a hypotensive 
response could be obtained when protamine was in- 
fused after thrombin administration. In a subsequent 
study (23) Radegran et al. showed that thrombin, like 
protamine, increases PAP and pulmonary venous 
pressure, but that these changes occur immediately 
with thrombin infusion in contrast to a delay of sev- 
eral minutes with protamine infusion. Administration 
of reptilase, a fibrinogen depletor, did not modify the 
effects of protamine administration (14). A discussion 
of the systemic and pulmonary vascular effects of 
thrombin alone exceeds the limitations of this review 
(26). The interaction between the coagulation system 
and the cardiovascular response to protamine remains 
unclear. 


Vasoactive mediators. There are few animal data but 
much speculation regarding the role of vasoactive me- 
diators in protamine reactions. Jaques (12) docu- 
mented unchanged blood histamine levels after prot- 
amine, but the assay used was insensitive. His data 
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do not exclude a role for histamine. Radegran and 
McAshlan (19) were unable to modify the hemody- 
namic or hematologic effects of protamine with va- 
gotomy. Administration of methysergide (19), a se- 
rotonin antagonist, was also unsuccessful; in fact, the 
systemic hypotension was worsened. New and sen- 
sitive assays for several vasoactive substances will ex- 
pand these limited data. 


Summary of animal investigations. Protamine de- 
creases SBP and SVR and increases PAP and PVR. A 
decrease in CO is due at least in part to decreased 
preload. Protamine most likely has no effect on the 
contractile state of the heart. The cardiovascular 
changes are accompanied by decreases in platelet count, 
although the roles of circulating heparin, platelets, 
and vasoactive mediators are yet unknown. 


Human Investigations 


Prospective human studies on the cardiovascular ef- 
fects of protamine vary in their methods with respect 
to the dose of protamine, rate of injection, route of 
administration, physical status of the patients, an- 
esthetic conditions, the cardiovascular responses 
measured, and the times at which these responses 
were measured. Table 2 summarizes the conditions 
and results of ten prospective human studies. It is 
divided into two groups based upon the rate of drug 
administration. 


Slow injection. The first group in Table 2 received 
protamine over three or more minutes. Jastrzebski et 
al. (27) studied 15 patients, 12 during valve replace- 
ment, and one each during closure of an atrial septal 
defect, complete repair of tetralogy of Fallot, and coro- 
nary artery vein grafts. All patients with valvular heart 
disease had at least one regurgitant valve. Mean PAP 
was unchanged from baseline levels 5 min after in- 
jection of protamine. PAP measured 15 min after drug 
administration, however, was elevated (35 mm Hg 
compared to a 26 mm Hg baseline). It seems unlikely 
that this increase was an effect of protamine because 
it occurred rather late. In addition, filling pressures 
of the heart, which could influence PAP, were not 
measured. SBP decreased transiently in most patients 
with protamine injection, but had returned to prein- 
jection levels before the first hemodynamic measure- 
ments were made at 5 min; thus SBP is recorded as 
unchanged. 

Ching and Leong (28) found a 24% elevation of CI 
5 min after administering protamine slowly. Mea- 
surements made 15 min after protamine showed CI 
unchanged from baseline levels. SBP did not change 
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Table 2. Prospective Human Studies of Cardiovascular Effects of Protamine 








Dose of Rate of Time(s) of Other 
Author N protamine administration SBP SVR PAP PVR RAP LAP CO/CI measurement” comments 
Slow injection 
Jastrzebski etal. 15 6 mg/kg 5 min t 0 5 and 15 
(27) 
Ching and Leong 10 By ACT® 5 min 0 0 0 T 5 and 15 
(28) 
Conahan et al. (29) 15 3 mg/kg 5 min 0 0 0 land 5 
Sethna eż al. (30) 9 2.5 mg/kg 4+ 1 min 0 0 0 0 0 10 Good LV” 
Sethna et al. (31) 11 214 + 47mg = 5.5 + 2 min 0 0 0 } 10 Poor LV" 
Michaels and 25 1.3 mg/mg" 0.5 or 1 0 0 0 0 0 0 0 5 Good LV“ 
Barash (32) mgkg` min" ' 
Michaels and 15 1.3 mg/mg 0.5 or 1 0 0 0 0 0 0 5 Poor LV“ 
Barash (32) mg'kg` imin”! 
Hanowell et al. (33) 16 1.5 mg/mg“ 5 min 0 0 0 0 5 Good LV” 
Rapid injection 
Ching and Leong 10 By ACT® <0.5 min 0 0 l 0 5 and 15 
(28) 
Shapira et al. (34) 8 150 mg/m? 0.5 min l q | J T every 30 sec Vpm}’ 
Shapira et al. (34) 14 150 mg/m? 1 min Eo 4 { t every 30 sec Vow b/ 
Pauca et al. (35) 79 1.3 mg/mg* 1-3 min t 0 0 O° of ji 5 and 7 Via aorta 
Frater et al. (36,37) 8 400-500 mg 1.5 min J J T 2 Via RAS 
Frater et al. (36,37) 9 400-500 mg 1.5 min 0 0 0 2 Via LAS 
Milne et al. (38) 5 3 mg/kg 0.5 min { 0 0 0 9D 0 0 1,2.5,5,10 Via aorta! 
Milne et al. (38) 5 3 mg/kg 0.5 min 0 0 0 0 0 0 0 1,2.5,5,10 


Abbreviations used: N, number of patients; SBP, systemic blood pressure; SVR, systemic vascular resistance; PAP, pulmonary artery pressure; PV. 
pulmonary vascular resistance; RAP, right atrial or central venous pressure; LAP, left atrial or pulmonary capillary wedge pressure; CO/CI, cardiac outp 


or cardiac index; f increased; | decreased; 0, no change. 
Minutes after start of infusion. 


’Protamine dose determined by activated clotting time according to method of Bull (68). 
‘Dose measured in mg of protamine per mg of remaining heparin as determined by protamine titration. 


4Volume was infused during drug administration. 


‘Good LV is good left ventricular function; Poor LV is poor left ventricular function. 
{Yom is maximum value of instantaneously calculated dp/dt/P (see text for discussion). 
sProtamine was administered by peripheral or central venous cannula except as noted via right atrium (RA), left atrium (LA), or aortic root (aorta). 


with the slow injection of protamine and decreased 
only transiently and slightly (10-15%) after the rapid 
injection of protamine. 

Fifteen patients studied by Conahan et al. (29) had 
stable SBP, CO, and central venous pressure during 
slow injection of protamine. In their study, responses 
to protamine prepared freshly from powder were sim- 
ilar to those observed after injection of prepackaged 
protamine solution. One patient had an anaphylac- 
toid response to protamine. Neither ionized nor total 
plasma concentrations of calcium changed during 
protamine administration. 

In addition to measuring SBP, PAP, pulmonary 
capillary wedge pressure, and CI, Sethna et al. (30) 
determined coronary sinus blood flow and lactate 
concentrations before and after injecting protamine. 
In nine patients with good left ventricular function, 
no significant hemodynamic alterations occurred. 
Coronary vascular resistance increased by 26%, a 
finding the authors attributed to decreased myo- 
cardial oxygen extraction. In a subsequent letter (31), 
the authors reported a similar study of eleven patients 


with poor left ventricular function. Cardiac index de 
creased by 13% (P < 0.01). The authors conclude 
that the response to protamine may depend upon th 
degree of recent circulatory stability. 

When Michaels and Barash (32) measured hemc 
dynamic changes after protamine in patients with goo 
or poor left ventricular function, no hemodynami 
parameter measured 5 min after completion of th 
infusion was significantly changed. In patients wit 
poor left ventricular function, SBP and SVR decrease 
15 min after start of the infusion. In contrast to th 
study by Sethna et al. (31), Cl in patients with poc 
left ventricular function was not depressed. 

Hanowelil et al. (33) measured the effects of proi 
amine on SBP, PAP, right atrial pressure, heart rate 
pulmonary capillary wedge pressure, and CI in 1 
patients with good left ventricular function. No change 
occurred 5 min after a 5-min infusion of protamine. 

To summarize the effects of slow injection (>3 min 
of protamine as determined in these investigations 
SBP decreased minimally if at all; CI remained ur 
changed, although there were varying results in stud 
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ies of patients with poor ventricular function; and 
PAP also remained unaffected. 


Rapid injection. Five studies utilized rapid infusion 
of protamine (within 3 min). Shapira et al. (34) mea- 
sured cardiac output by an electromagnetic flow probe, 
and calculated (dp/dt)/LVP as an index of ventricular 
contractile state. When administered over 30 or 60 sec, 
protamine lowered SBP, SVR, PVR, and LAP. Cardiac 
index increased. The maximum value of instanta- 
neously calculated (dp/dt)//LVP, the Vpy, decreased 
slightly (less than 12%) with protamine injection. This 
small but significant decrease in Vpy, permits little to 
be concluded about a change in contractile state be- 
cause of the limitations of the Hill model upon which 
VPM is based. 

Pauca et al. (35) administered protamine into the 
ascending aorta. Rapid volume infusion was required 
to maintain filling pressures. Under these conditions, 
CO increased and SBP increased, the latter by only 2 
mm Hg. The authors concluded that volume infusion 
provided hemodynamic stability and that aortic 
administration of protamine was of no particular 
advantage. 

Right and left atrial injection sites of protamine 
were compared by Frater et al. (36). Hemodynamics 
were unchanged with left-sided injection. Decreases 
in SBP and SVR and increases in CI occurred, how- 
ever, with right-sided injections. However, at least 
one of the eight patients in the latter group experi- 
enced an anaphylactoid reaction (37). This patient’s 
data were not excluded from the analysis and may 
have confounded the comparison of effects of right 
vs left intracardiac injection on SBP and SVR. Thus 
the authors demonstrated neither the superiority of 
left-sided injection to right-sided injection, nor, be- 
cause of the small sample size of the study, any pro- 
tective effect of left-sided injection against develop- 
ment of an anaphylactoid reaction. Frater et al. (36) 
measured plasma histamine 3 min after the rapid in- 
jection of protamine. A small but statistically signif- 
icant elevation occurred after injection into the right 
side of the heart, leading the authors to postulate that 
histamine release in the pulmonary circulation con- 
tributes to the hemodynamic effects of rapid prot- 
amine injection. 

Milne et al. (38) measured SBP, SVR, PAP, PVR, 
LAP, CI, and central venous pressure after protamine 
injected intravenously in a group of patients and in- 
traaortically in another group. No hemodynamic vari- 
able was changed in either group with the exception 
of a 20% decrease in SBP 1 min after intraaortic in- 
jection that resolved within another 1.5 min. 

The above five studies (28,34-36,38) of rapid injec- 
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tion of protamine in patients document decreased SBP 
and SVR (34,37). Cardiac index increased, whether 
by a reflex mechanism or by some direct effect (34-36). 
There is no evidence for elevations in PAP (38) or PVR 
(28,34,35). Filling pressures of the heart probably de- 
crease (34,35). There is scant evidence for direct myo- 
cardial depressant effect of protamine (34), and, be- 
cause the Hill model has questionable application to 
intact cardiac muscle, it is difficult to interpret a slightly 
decreased Vp, as evidence for myocardial depression. 


Summary. The prospective human studies consid- 
ered above reveal that in some patients protamine is 
associated with decreases in SBP and SVR, especially 
when administered rapidly. Cardiac output increases 
reflexly, except perhaps in patients with less com- 
pliant ventricles, which are more dependent on pre- 
load to maintain stroke volume. In the latter, de- 
creases in filling volume associated with protamine 
can lower CO. Regardless of the rate of administra- 
tion, protamine does not produce predictable, acute 
increases in PAP, although increases in PAP may oc- 
cur during idiosyncratic reactions (see the section on 
idiosyncratic reactions below). Left atrial or aortic 
administration of protamine may not confer protec- 
tion from its hemodynamic or idiosyncratic sequelae 
(see below). Little evidence exists to conclude that 
protamine directly depresses contractility of the hu- 
man heart. 


Idiosyncratic Reactions 
Antigenicity 
Protamine is a nonhuman protein, the prototypical 
class of compounds that trigger antibody production 
by the immune system. Despite this, protamine has 
been reported to be minimally antigenic (39). Recent 
reports of positive skin tests to protamine demon- 
strate that the drug can, however, initiate an immune 
response (11). In addition, antibodies to protamine 
have been measured in several patients (40-42). 
Immunologic studies of men who have undergone 
vasectomy provide perspective on the issue of prot- 
amine antigenicity (42). The testes are an immuno- 
logically privileged organ. Beginning at puberty, a 
‘“blood-testes” barrier sequesters developing sperm 
cells from the rest of the body, preventing the immune 
system from attacking the immunologically foreign 
sperm. With occlusion of ejaculatory paths at vasec- 
tomy, sperm are absorbed systemically. This stimu- 
lates antibody production, so that one year after vas- 
ectomy, 73% of men harbor sperm-agglutinating 
antibodies (43) and 22% of men have autoantibody to 
human protamines (44). Human protamines corre- 
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spond closely to salmon protamine (42). Autoanti- 
bodies to human protamine may thus cross-react with 
commercially prepared protamine. Nevertheless, no 
case report of an anaphylactoid response to protamine 
in patients with prior vasectomies has been reported. 


Adverse Response with Prior Exposure 


Antiprotamine antibody production may be stimu- 
lated by exposure to protamine or to a similar antigen. 
Prior exposure to protamine is often obvious. Prot- 
amine may be administered after many procedures 
requiring heparin for anticoagulation, including vas- 
cular surgery, cardiac catheterization, cardiopulmo- 
nary bypass, hemodialysis, and blood component do- 
nation (pheresis). 

Injection of protamine-containing forms of insulin 
is a less apparent means of achieving prior exposure. 
Both protamine—zinc insulin and NPH insulin contain 
protamine, which is used to delay absorption of in- 
sulin upon subcutaneous injection (5). Some diabetic 
patients receiving these insulin preparations develop 
sensitivity to subcutaneous injections. Kern et al. (39) 
reported 104 patients with skin reactivity to protamine- 
zinc insulin. No patient displayed a cutaneous reac- 
tion to protamine alone, implying that insulin itself 
or the protamine insulin complex was the sensitizing 
agent. In contrast, Sanchez et al. (45) described a pa- 
tient with cutaneous reactions to NPH insulin and to 
protamine. Hyposensitization injections with prot- 
amine alone in increasing dosages ablated the cuta- 
neous response, thus allowing the patient to receive 
subsequent NPH insulin without difficulty. 

Most patients do not develop cutaneous responses 
to protamine-containing insulins. These patients may, 
nevertheless, react systemically to intravenous prot- 
amine. Moorthy et al. (46) described a typical ana- 
phylactoid response during vascular surgery in a di- 
abetic patient treated with protamine—zinc insulin. 
However, the only datum to support participation of 
the immune system in that patient’s response was 
elevation of IgE levels measured one month after the 
event. This isolated finding is rather nonspecific. 

Table 3 lists case reports of idiosyncratic reactions 
to protamine. Doolan et al. (11) reported a patient 
taking protamine—zinc insulin who developed an an- 
aphylactoid response after cardiopulmonary bypass. 
Cutaneous testing with protamine was strongly pos- 
itive despite the absence of a history of sensitivity to 
protamine—zinc insulin. Of 11 patients taking NPH 
insulin with reported anaphylactoid reactions to prot- 
amine (47-50), only one of four patients studied by 
cutaneous testing (48) had clearly positive results. In 
fact, of all 13 patients reported to have suffered an- 
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aphylactoid reactions due to prior exposure to prot- 
amine-containing insulin preparations (11,46—50), only 
one case report (11) provides convincing evidence of 
an immune-mediated phenomenon. The other 12 cases 
lack sufficient documentation. Sensitization to prot- 
amine secondary to use of insulin preparations ap- 
pears to be an uncommon but serious clinical entity 
that requires rigorous investigation to establish the 
diagnosis. 

A single intravenous exposure to protamine is un- 
likely to stimulate antibody production. Consider the 
thousands of patients who receive protamine after 
cardiac catheterization and then are rechallenged at 
the conclusion of cardiopulmonary bypass. Of course, - 
in many cases the intervening period is only days to 
weeks, a time too brief for antibodies to form. Holland 
et al. (49) reported two patients who developed de- 
layed anaphylactoid responses 30 min after protamine 
injection at the conclusion of cardiopulmonary by- 
pass. One patient had undergone catheterization 7 
days, the other 19 days before surgery. Skin tests were 
negative in each patient. Why implicate protamine? 
Often the only evidence pointing to a drug as the 
provocative agent is a temporal relationship between 
drug administration and adverse response. When 30 
min separate these events, this association becomes 
weak indeed. 

In contradistinction, anaphylactoid responses of a 
patient to protamine given during cardiac catheter- 
ization 1.5 yr after cardiopulmonary bypass were re- 
ported by Doolan et al. (11). Positive results with cu- 
taneous testing implicate protamine allergy in that 
patient. Best et al. (51) reported an anaphylactoid re- 
sponse in a patient given intravenous protamine on 
three prior occasions. Serial measurements of serum 
complement proteins and their split products dem- 
onstrated activation of the classical pathway during 
this response. Thus of the 7 case reports (11,41,49,51,52) 
of patients who sustained adverse responses to prot- 
amine and who had received intravenous protamine 
in the past, two reports (11) implicated an immune- 
mediated response, one demonstrated IgG antibody 
to protamine (41), and one documented complement 
consumption (51) during the response. 


Adverse Response without Prior Exposure 


Reports of anaphylactoid responses to protamine in 
patients with no history of prior exposure are of three 
types: patients allergic to fish; patients developing 
delayed capillary leak after cardiopulmonary bypass; 
and patients with catastrophic pulmonary vasocon- 
striction after cardiopulmonary bypass. 
Cross-reacting antibodies caused an anaphylactoid 
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Table 3. Case Reports of Idiosyncratic Reactions to Protamine 
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Intervening Circumstances Skin Other 
Author Prior exposure period of rechallenge tests data 
Lakin et al. (41) Pheresis 5 months Pheresis Positive IgG to protamine 
Moorthy et al. (46) PZn insulin — Vasc surg Not done Elevated IgE 
Andersen and johnson (52) Hemodialysis various Hemodialysis Not done High or low blood 
pressure 
Cobb and Fung (47) NPH insulin — Vasc surg Not done 
Doolan et al. (11) Vasc surg 6 weeks Vasc surg Positive 
Doolan et al. (11) PZn insulin -— CP bypass Positive 
Doolan et al. (11) CP bypass 1.5 yr Cardiac cath Positive 
Best et al. (51) CP bypass 2 weeks Cardiac cath Not done Complement-mediated 
Vontz et al. (50) NPH insulin — Vasc surg Not done 
Grant et al. (48) NPH insulin -— CP bypass (7)° Not done (4) 8 patients reported 
Positive (1) 
Vasc surg (1) Negative (3) 
Holland et al. (49) Cardiac cath 7 days CP bypass Negative Delayed reaction 
Holland et al. (49) Cardiac cath 19 days CP bypass Negative Delayed reaction 
Holland et al. (49) NPH insulin — CP bypass Not done Immediate reaction 
Holland et al. (49) Not reported CP bypass Not done Delayed reaction 
Jackson (26) ?Insulin Vasc surg Not done Diabetic patient 
Jackson (26) Not reported Vasc surg Not done 
Caplan and Berkman (53) Not reported Pheresis Not done 4 of 140 donors; 2 allergic 
to fish 
Nordstrom et al. (69) Not reported CP bypass Not done Immediate 
Olinger et al. (54) Not reported CP bypass Not done Delayed reactions in 4 
patients 
Knape et al. (40) Not reported CP bypass Positive Codfish allergy by RAST; 
elevated IgE 
Lowenstein et al. (56) Not reported CP bypass (5) Not done Elevated pulmonary 


Cardiac cath (1) 


vascular pressure in 6 
patients 


Abbreviations used: Vasc surg, vascular surgery; PZn, Protamine zinc; CP, cardiopulmonary; Cath, catheterization; RAST, radioallergosorbent test. 


“Numbers in parentheses denote number of patients. 


reaction described by Knape et al. (40) in a patient 
who received protamine after cardiopulmonary by- 
pass. This patient described prior episodes of syncope 
when eating true fish. In addition, cutaneous testing 
to protamine was strongly positive, IgE levels were 
elevated, and codfish allergy was documented by ra- 
dioallergosorbent testing (RAST). Caplan (53) re- 
ported four pheresis donors who reacted to prot- 
amine, of whom two claimed allergy to fish. It should 
be noted that allergy to shellfish may be irrelevant. 
Shellfish and true fish are quite distinct phylogenet- 
ically. No reports of adverse response to protamine 
specifically mention shellfish allergy. 

Noncardiac pulmonary edema and anasarca de- 
veloping approximately 30 min after the administra- 
tion of protamine have been reported in seven pa- 
tients. Olinger et al. (54) described four patients with 
this syndrome after cardiopulmonary bypass. Hol- 
land et al. (49) have recently described another three 
patients, two of whom had received protamine during 
cardiac catheterization (see above). None of the seven 
patients had evidence of protamine allergy. Prot- 


amine has been implicated only by elimination of other 
possible factors, not by compelling evidence of true 
allergy to protamine. In fact, three additional cases 
reported by Culliford et al. (55) were ascribed to “an 
unknown type of allergic reaction to blood or blood 


products.” Regardless of the causative agents, the 


syndrome of pulmonary edema and anasarca after 
protamine is totally unpredictable and often fatal; three 
of the seven patients cited above died. One such re- 
sponse at the author's institution (unpublished) re- 
sulted in visceral edema so profound as to prevent 


sternal closure. 


Another adverse response to protamine, cata- 
strophic pulmonary vasoconstriction, may occur 
without documented prior exposure to the drug. This 
reaction involves marked pulmonary vasoconstriction 
and systemic hypotension occurring immediately after 
injection of protamine. Lowenstein and colleagues (56) 
reported six such cases, five of whom had abnormal 
pulmonary hemodynamics preoperatively because of 
underlying valvular heart disease. This type of reac- 
tion resembles that documented in canine investiga- 
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tions (12-14,19,23) in which marked thrombocyto- 
penia was found (12,14). This reviewer measured 
platelet counts immediately prior to and after a pul- 
monary hypertensive response in one patient: a dra- 
matic decline to 16% of control occurred (unpub- 
lished). In contrast, Bjoraker and Ketcham (57) reported 
that platelet counts decreased only to 72% of control 
in 14 patients given protamine, but in none did an 
adverse response occur. Also, the pulmonary hyper- 
tension occasionally seen in patients after protamine 
is quite short-lived, similar to that seen in dogs. Im- 
mediate rechallenge with protamine was uneventful 
after recovery in the reviewer's patient, a feature con- 
sistent with the canine response. 


Heterogeneity of Adverse Responses 
to Protamine 


Types of Reactions 


‘The preceding discussion demonstrates that adverse 


cardiovascular responses to protamine fall into three 
distinct types: transient hypotension related to rapid 
drug administration; anaphylactoid responses; and 
catastrophic pulmonary vasoconstriction (Table 4). The 
anaphylactoid responses may be subdivided into three 
groups: true anaphylaxis, immediate anaphylactoid 
reactions, and delayed anaphylactoid responses. True 
anaphylaxis is mediated by antibodies. Immediate an- 
aphylactoid responses not involving antibodies are 
thought to be mediated via complement activation 
(58,59). Delayed anaphylactoid responses have been 
claimed in various reports (49,54); however, a strong 
link to protamine administration has never been 
demonstrated. 

Table 5 summarizes the characteristics of idiosyn- 
cratic and nonidiosyncratic responses to protamine. 
Transient systemic hypotension associated with rapid 
administration of protamine (36,60) may be allowed 
to reverse spontaneously or may be treated with in- 
travenous fluids, depending upon the magnitude of 
physiologic response and the patient's condition. Be- 
cause other types of protamine response cannot be 
excluded initially and should receive more aggressive 
therapy, rapid injection of protamine is not 
recommended. 

Anaphylactoid responses to protamine are char- 
acterized by edema of the skin, mucosa, and viscera, 
decreased SVR, bronchospasm, and occasionally 
flushing. In the delayed form (type IIC), these fea- 
tures may be quite insidious at onset. Treatment should 
include oxygen, intravenous fluids, positive pressure 
ventilation, and early aggressive use of epinephrine. 
Additional vasoactive drugs may be required to main- 
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Table 4. Classification of Adverse Responses 


to Protamine 


I. Hypotension related to rapid administration. 
Il. Anaphylactcid responses. 
A. Antibody-mediated anaphylaxis. 
B. Immediate anaphylactoid response without antibody 
involvement. 
C. Delayed anaphylactoid response (noncardiac pulmonary 
edema). 
II]. Catastrophic pulmonary vasoconstriction. 


tain systemic blood pressure. Antihistamines, ami- 
nophylline, and steroids are also employed in the 
treatment of enaphylactoid reactions (58). In most cases, 
definitive diagnosis will not be achieved. Skin testing, 
immunoglobulin electrophoresis, and RAST are among 
the many techniques available (58) to support a di- 
agnosis of true anaphylaxis (type HA). Serial serum 
levels of complement fragments may disclose a pat- 
tern consistent with a complement-mediated anaphy- 
lactoid reaction (type IIB). Prevention of anaphylac- 
toid response to radiocontrast material in patients 
with a presumed or diagnosed previous adverse re- 
sponse has been documented for example, with a 
regimen utilizing antihistamines and steroids prior to 
reexposure (58,61). This reviewer recently cared for a 
patient who developed facial and throat tightening 
after protamine administration during cardiac cathe- 
terization. Steroid and antihistamine prophylaxis was 
utilized during cardiopulmonary bypass, and no ad- 
verse response to protamine occurred (unpublished 
observation). The diagnosis and prevention of de- 
layed anaphylactoid reactions to protamine (type IIC) 
are unclear. These aspects can be addressed only after 
elucidation cf the mechanism of this response and 
better definition of the association of protamine with 
this response. 

Catastrophic pulmonary vasoconstriction (type HI) 
is accompanied by right ventricular dilation, pulmo- 
nary arterial hypertension, decreased left ventricular 
filling pressure, and systemic hypotension. Diagnosis 
is facilitated by the presence of a pulmonary arterial 
catheter. This syndrome has occurred after minimal 
doses of protamine (10 mg) and may resolve spon- 
taneously. Treatment with isoproterenol is reasona- 
ble; several patients have been treated successfully 
with epinephrine (56). There is as yet no evidence 
that extremely slow administration of protamine pre- 
vents this response. 


Incidence of Reactions 


Although there are no prospective studies to deter- 
mine the incidence of idiosyncratic and nonidiosyn- 
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Table 5. Characteristics of the Various Adverse Responses to Protamine 


I IIB NC 
Rapid ITA Immediate Delayed Ii 
Response type administration Anaphylaxis anaphylactoid anaphylactoid Pulmonary vasoconstriction 
Distinguishing features Transient | SVR 1 SVR, flushing, edema, and Massive edema, Dilated right heart, ? PAP, 
bronchospasm insidious | SBP 
onset 
Treatment Fluid or none Oz fluid, epinephrine, steroids, antihistamines, Isoproterenol or 
positive pressure ventilation epinephrine 
Diagnosis By history Skin tests, Serial serum ? PA catheter and time course 
RAST, levels of 
immunoglobin complement 
electrophoresis fragments 
Prevention Use slow Antihistamine and steroid 2 2Slow administration 
injection preparation 
Incidence Common Uncommon Uncommon ? Rare 


cratic responses to protamine, some estimates may 
be obtained from published reports. Rapid adminis- 
tration results in systemic hypotension (type I re- 
sponse) in most patients. Coulon et al. (62) speculate 
that even a small dose of protamine sulfate will change 
SBP, and that the direction of change depends upon 
the degree of volume loading: in hypovolemic pa- 
tients, SBP decreases; in hypervolemic patients, SBP 
increases in response to protamine. Although most 
clinicians who frequently administer protamine think 
that the response of blood pressure is variable even 
with slow administration of protamine, experimental 
verification of the speculations of Coulon et al. is 
lacking. 

With regards to type II reactions, Caplan (53) re- 
ported that 4 of 140 pheresis donors (3%) developed 
responses attributed to protamine. Lakin et al. (41) in 
their report of anaphylaxis in pheresis donors, record 
4 of 11 repeat donors with symptoms of a reaction to 
protamine. One of five people who donated a third 
time had an adverse response. Of 15 cardiac surgical 
patients studied prospectively by Conahan et al. (29), 
one developed an anaphylactoid response. Masone 
et al. (37) reported one of 17 patients with anaphy- 
lactoid reaction in their prospective study. Thus an- 
aphylactoid reactions (type II) may occur more fre- 
quently than the idealized “rare event” rate of one 
per 20. 

One of 40 patients studied by Michaels and Barash 
(32) sustained what may have been a pulmonary vaso- 
constrictive response (type III) to protamine. The re- 
port by Lowenstein et al. (56) describes an incidence 
of 3 per 100 for pulmonary vasoconstriction. Type III 
reactions occur rarely, but institutional rates are likely 
to vary with the characteristics of the patient popu- 
lation because type II reactions appear to be espe- 
cially likely to occur in patients with abnormal pul- 
monary hemodynamics. 


Further Research 


In the decade 1970-1979, studies were conducted us- 
ing the dog model, and there were few case reports 
of idiosyncratic reactions in patients. After the report 
by Moorthy et al. (46) in 1980, a large number of 
publications dealing with adverse responses to prot- 
amine appeared (11,47—50). In addition, renewed in- 
terest in the cardiovascular effects of protamine 
prompted several prospective human studies 
(29-32,34), including some that compared venous and 
arterial injections (36,38). 

Future work will address the pathophysiology, ep- 
idemiology, and clinical aspects of adverse responses 
to protamine. In the realm of pathophysiology, fur- 
ther investigations using the animal models should 
seek to identify the vasoactive substance(s) respon- 
sible for the hemodynamic effects of protamine. In 
particular, histamine release needs to be restudied 
employing the more sensitive assays now available. 
Bradykinin, serotonin, and thromboxane are also likely 
candidates as mediators of hemodynamic changes. 
Identification of the vasoactive mediator(s) may pro- 
ceed via clinical studies as well as those in animals. 

Several factors suggest eicosanoid compounds 
(prostaglandins and related substances) and platelets 
play a role in the pulmonary vasoconstrictive reaction. 
First, thromboxane A, produced from arachidonic 
acid via the cyclooxygenase pathway, is a potent pul- 
monary vasoconstrictor and platelet aggregator {63). 
Produced in platelets and possibly endothelial cells, 
thromboxane A, has a half-life of 30 sec, which is 
consistent with the time course of the pulmonary 
vasoconstrictive response. Second, endotoxic shock 
has many features similar to the pulmonary vasocon- 
striction syndrome: transient pulmonary hyperten- 
sion and systemic hypotension, thrombocytopenia, 
leukopenia, and subsequent increased capillary 
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permeability. The pulmonary hypertension in endo- 
toxic shock can be prevented by indomethacin; sim- 
ilarly, acetylsalicylic acid blunts the hemodynamic 
response to protamine in dogs. 

Each of the patients reported by Lowenstein et al. 
(56) had altered pulmonary hemodynamics because 
of valvular heart disease or cardiogenic shock. Is there 
some alteration of the pulmonary vasculature that may 
predispose these patients to protamine-induced pul- 
monary hypertension? For example, abnormal vas- 
cular endothelium might be deficient in synthesis of 
prostacyclin, a potent vasodilator, thus allowing a 
protamine-induced release of thromboxane from 
platelets to cause net pulmonary vasoconstriction. It 
is intriguing to note that prostaglandins were first 
discovered in semen, and that marine animals produce 
a series of prostaglandins that have three double bonds 
in side chains, compared with two in the arachidonic 
acid series (63). Could the pulmonary vasoconstric- 
tion seen in some patients result from impaired endo- 
thelial cell prostacyclin synthesis coupled with an ex- 
ogenous source of thromboxane-like material present 
as a contaminant in protamine preparations? This 
possibility should be seriously entertained, consid- 
ering the source of protamine and the extraction pro- 
cess used to prepare the commercially available 
product. 

Additional pathophysiologic issues related to all 
types of adverse protamine response include the role 
of complement proteins (64-66), the role of hepa- 
rin—protamine complexes, and the manner by which 
thrombin acts like heparin in “recharging” the sys- 
tem. With respect to protamine’s effects on cardiac 
contractility, new techniques utilizing pressure— 
volume diagrams of the left ventricle (67) may permit 
more appropriate measurement of the elusive entity 
termed contractility and how protamine affects it. 

The second realm of investigation is epidemiologic. 
The incidence of adverse responses to protamine may 
be determined prospectively for the surgical popu- 
lation as a whole and for the various subgroups at 
risk, such as diabetic patients receiving protamine- 
containing insulins. Development of a RAST for prot- 
amine would permit safe and accurate identification 
of patients at risk for anaphylaxis. These advances 
would permit a more informed approach to what ap- 
pears now to be an unacceptably high risk (>5%) of 
adverse responses to protamine. Regarding the de- 
layed anaphylactoid response (type IIC), either the 
link with protamine needs to be made firm or the 
association abandoned. 

Finally, in the clinical realm, consideration should 
be given to reintroducing hexadimethrine in the United 
States as a protamine substitute. Advances in the 
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medical and surgical treatment of patients with oc- 
clusive vascular disease or valvular heart disease re- 
sult in a growing population of surgical patients at 
risk for an adverse idiosyncratic response to prot- 
amine. It is reasonable to expect that an alternative 
drug to protamine will be available. 

With increased attention to protamine toxicity and 
research, it is expected that many questions about the 
untoward actions of this drug will be resolved. This 
review aimed to provide perspective to guide these 
efforts. 


The author thanks Ms. Judy Wyman for document preparation and 
Dr. Jonathan Mark for constructive criticism of the manuscript. 
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Technical Communication 


Subjective Evaluation of Anesthesia Textbooks: 


Relation to Currency 


Edwin $. Munson, MD 


An objective method for the evaluation of the cur- 
rentness, or up-to-dateness, of biomedical textbooks 
has been described by Pittinger (1). The objectively 
derived currency scores have not been compared with 
subjective impressions of the usefulness or value of 
textbooks. This study was performed to evaluate the 
hypothesis that the subjective value of textbooks is 
related to textbook currency. Accordingly, we inves- 
tigated the relation between the objective assessment 
of currency scores and the subjective evaluation of 
usefulness by a large population of anesthesia 
personnel. 


Methods 


Twelve anesthesia-related textbooks from a group of 
64 that had been previously evaluated for currentness 
were selected for study (1,2). These texts are listed in 
Table 1. They were chosen because of the belief that 
they would be well-known to the evaluators and be- 
cause they represent a wide variety of up-to-dateness, 
with currency scores that varied from 48 to 204. 

A one-page questionnaire was mailed to the direc- 
tors of 33 university anesthesia residency programs 
for distribution to their clinical anesthesia personnel. 
The teaching programs represent relatively large 
teaching programs over a wide geographic area. The 
instructions were the following: “Please indicate your 
estimate of usefulness or value of the following text- 
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books by circling the appropriate number; 1 = none, 
2 = some, 3 = average, 4 = above average, 5 = 
most. Mark unfamiliar books NA (no answer). Des- 
ignate your proper category: resident (year), nurse, 
or faculty.” The strength of the correlation of the rank- 
ings between these subjective scores and the previ- 
ously derived objective scores (1,2) was tested by us- 
ing Spearman’s rank correlation (3). Differences 


Table 1. Anesthesia Textbooks Rated 


1. Adriani J. The pharmacology of anesthetic drugs. 5th ed. 
Springfield, IL: Thomas, 1970. 


2. Atkinson RS, Rushman GB, Lee JA. A synopsis of 
anaesthesia. 8th ed. Chicago: Year Book Medical Publishers, 
1977. 


3. Bromage PR. Epidural analgesia. 2nd ed. Philadelphia: 
Saunders, 1978. 


4. Churchill-Davidson HC, ed. A practice of anaesthesia. 4th 
ed. Philadelphia: Saunders, 1978. 


5. Collins VJ. Principles of anesthesiology. Philadelphia: Lea & 
Febiger, 1966. 


6. deJong RH. Local anesthetics. 2nd ed. Springfield: Thomas, 
1977. 


7. Dripps RD, Eckenhoff JE, Vandam LD. Introduction to 
anesthesia. 6th ed. Philadelphia: Saunders, 1982. 


8. Eger EI. Anesthetic uptake and action. Baltimore: Williams 
and Wilkins, 1974. 


9. Gilman AG, Goodman LS, Gilman A, eds. The 
pharmacological basis of therapeutics. 6th ed. New York: 
Macmillan, 1980. 


10. Katz J, Benumof J, Kadis LB, eds. Anesthesia and 
uncommon diseases. 2nd ed. Philadelphia: Saunders, 1981. 


11. Miller RD, ed. Anesthesia, vols 1 and 2. New York: 
Livingstone, 1981. 


12. Wood M, Wood AJJ, eds. Drugs and anesthesia: 
pharmacology for anesthesiologists. Baltimore: Williams and 
Wilkins, 1982. 
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Table 2. Mean (+ SEM) Questionnaire Scores, Currency Scores, and Rankings for Twelve Anesthesia Textbooks Shown 
in Table 1, Based on 692 Respondents from 29 Anesthesia Residency Programs 





1 Z 3 4 5 

n“ 294 309 484 525 368 
Questionnaire scores’ 

PGY-2 257 244 349 275 244 
(6) (8) (39) (40) (16) 
PGY-3 251 262 350 282 237 
(17) (22) (78) (51) (29) 
PGY-4 311 275 309 264 250 
(23) (20) (83) (70) (35) 
Nurses 315 287 321 341 330 
(73) (56) (48) (84) (77) 
Faculty 201 276 367 320 202 
(58) (65) (81) (95) (70) 
Mean 233 275 355 312 231 
+ SEM 6 6 4 4 6 
Rank 11 10 6 8 12 
Currency scores’ 99 78 96 76 48 
Rank 8 10 9 11 12 


Textbooks 
6 7 8 9 10 11 12 
377 658 593 678 617 664 280 
310 362 381 365 394 449 338 
(19) (96) (66) (95) (71) (98) (24) 
294 377 389 350 375 455 325 
(39) (93) (88) (98) (90) (100) (30) 
286 379 400 385 413 458 329 
(55) (98) (98) (100) (95) (95) (35) 
284 355 365 411 387 432 347 
(39) (89) (67) (99) (85) (88) (46) 
313 387 399 402 373 432 316 
(75) (97) (94) (99) (95) (96) (49) 
306 377 392 387 380 440 324 
5 4 4 4 4 3 6 
9 5 2 3 4 1 7 
130 204 154 152 128 143 192 
6 1 3 4 7 5 2 


“Total number of respondents for each textbook. Note that the number of no answer (NA) responses for each textbook equals 692 minus (11). (%) Percentage 
of respondents that ranked each textbook. The percentage of no answer (NA) responses equals 100 minus (%). 


Questionnaire scores were multiplied by 100 to facilitate tabulation. 


‘Currency scores from data of Pittinger (1) and Munson and Pittinger (2). 


between pairs of the Spearman correlations were eval- 
uated using a series of permutation tests. 


Results 


A total of 717 questionnaires was received from 29 of 
the 33 anesthesia resident teaching programs solic- 
ited. The participating institutions are listed in the 
Appendix. The questionnaires returned were ana- 
lyzed according to category of the evaluating person- 
nel. Because of the relatively few PGY-1 respondents 
(n = 25) and because 7 of the 12 books evaluated by 
this group received less than 16% of the total scores, 
data from this group were omitted from further cal- 
culations. About half (16 of 29) of the programs pro- 
vided data in the nurse category. Respondents in this 
category included both student nurse anesthetists and 
CRNAs. Subjective ratings based on questionnaire 
scores for each category of personnel are shown in 
Table 2. 

The total number of respondents in each personnel 
category is shown with the corresponding rank coef- 
ficient in Table 3. A statistically significant positive 
correlation (P < 0.01) was found between the subjec- 
tive and objective evaluations for the total group, as 
well as for each subgroup. No statistically significant 
difference was found between subgroups of 
respondents. 


Discussion 


The criteria used to rank anesthesia textbooks ac- 
cording to currency scores follow the method de- 
scribed by Pittinger (1). This technique analyzes the 
currentness of bibliographic references relative to the 
copyright dates of the texts in which references were 
cited. Briefly, for each text, the mean, the median, 
and the mode were calculated for the dates of all 
references tabulated at yearly intervals. To character- 
ize a composite central tendency for each text, these 
values were combined into a single statistic, the geo- 
metric mean (vintage index), which is the cube root 
of the product of the mean, the median, and the mode. 
The currency score, a measure of up-to-dateness rel- 
ative to copyright date of the source text, was cal- 
culated as 1000 times the reciprocal of the difference 
between copyright date and the vintage index. 

The subjective evaluation of usefulness or value of 
12 textbooks selected by anesthesia residents, nurses, 
and faculty as indicated in the questionnaire scores 
correlates well with the objective evaluation of up-to- 
dateness as judged by currency scores. Although the 
number of responses from PGY-1 residents was in- 
adequate for statistical analysis, 60-96% (mean, 80%) 
of the respondents evaluated books 7 through 11, the 
same five texts that were ranked highest by all the 
other respondents. Whether or not the subjective rat- 
ing of anesthesia personnel in private practice is sim- 
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Table 3. Number of Respondents and Rank Coefficients 
for the Correlation Between Questionnaire and Currency 
Scores According to Each Category of Anesthesia 
Personnel, Taken from Table 2 


Category Number r Value’ 
PGY-2 110 0.631 
PGY-3 121 0.698 
PGY-4 40 0.706 
Nurse anesthetists 82 0.504 
Anesthesia faculty 339 0.580 
All respondents 692 0.636 


aP < 0.01 for all r values. 


ilar to academic readers was not elucidated by this 
study. 

The assessment of currentness is only one of many 
attributes that contributes to the value of a textbook. 
Other factors such as subject matter, clarity, and con- 
ciseness make textbooks useful to students of anes- 
thesiology. This survey analysis showed a statistically 
significant correlation between the subjective assess- 
ment of usefulness or value and the objective method 
of evaluating the currency of references relative to 
copyright date. The study corroborates the predictive 
value of the objective scoring system. 


The authors are grateful to Bruce C. Ruiz and Ray Halpern for their 
assistance in data analysis, to Charles B. Pittinger, MD and Lynn 
M. Carrol] for their many helpful suggestions in preparing the 
manuscript, to Jane Pendergost, PhD, Biostatistics Unit, for her eval- 
uation of the statistics, and to my academic colleagues who gra- 
ciously provided the necessary data. 
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University of Florida 

University of Iowa 

University of Kentucky 

University of Miami School of Medicine 
University of Minnesota Hospital 
University of North Carolina 

University of Texas, Medical Branch 
University of Virginia Medical School 

VA Medical Center, Philadelphia, Pennsylvania 
VA Medical Center, San Diego, California 
Vanderbilt University Hospital 

Wilford Hall USAF Medical Center 


Clinical Reports 


ANESTH ANALG 
1985;64:365—6 


365 


Transient Aphonia and Quadriplegia during Epidural Anesthesia 


H. Drexler, MD, S. Zaroura, MD, Y. Shapira, MD 


Most of the reported neurological complications of 
epidural or spinal anesthesia primarily affect the lower 
extremities (1). We report an unusual complication of 
aphonia and quadriplegia that occurred during epi- 
dural anesthesia. 


Case Report 


An 81-yr-cld woman was admitted to the hospital 
with a fracture of the left femoral neck resulting from 
a fall 2 hr before admission. On admission the patient 
was well oriented and very talkative. Her height was 
150 cm and weight 55 kg. Nutrition and hydration 
were good. Blood pressure was 160/90 mm Hg, and 
her pulse was 88 beats/min and regular. Physical ex- 
amination revealed a 2/6 systolic murmur at the apex. 
The lungs were clear on auscultation. Neurological 
examination was normal. The ECG showed evidence 
of an old inferior myocardial infarction, left ventric- 
ular hypertrophy, and inverted T waves in the pre- 
cordial leads. X-ray of the pelvis showed a pertro- 
chanteric fracture of the left femur. Past history included 
insertion of a Moore’s prosthesis in the right femur; 
ischemic heart disease for the past ten years, treated 
with digoxin (0.125 mg/day), furosemide (40 mg/day), 
and isosorbide dinitrate (10 mg/day); inferior wall 
myocardial infarct six years before; and a temporarily 
confused state after the death of a relative two years 
earlier. 

Because of her relatively good general condition 
and her previously active state, it was decided to in- 
sert a Moore’s prosthesis, which would allow sub- 
sequent rapid ambulation. As is common practice in 
our hospital, it was decided to use epidural anesthesia 
for the proposed procedure. 
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On arrival in the induction room, an ECG monitor 
was applied, oxygen (4 L/min) was administered by 
mask, and blood pressure (160/100 mm Hg) and pulse 
(90 beats/min) were measured. Hartmann’s solution 
(1000 ml) was infused intravenously fairly rapidly be- 
fore induction of anesthesia. 

The patient was positioned laterally on the affected 
hip and the table was placed in slight head-up posi- 
tion. Blood pressure and pulse remained unchanged. 
The patient, despite being in pain, was most coop- 
erative and remained extremely talkative. A Tuohy 
16 gauge needle was inserted through the LI-L2 space, 
the epidural space being identified by loss of resist- 
ance. Then, 2 ml of 0.5% bupivacaine without epi- 
nephrine was injected. After 4 min, another 8 ml was 
injected with the patient still lying on the affected 
side. After 7-8 min she complained of nausea, systolic 
blood pressure decreased to 120 mm Hg, and the 
pulse decreased to 60 beats‘min. The patient did not 
complain of breathlessness and there were no signs 
of respiratory distress. At the same time it was noticed 
that she was unable to speak. She was immediately 
returned to the supine position and ephedrine (10 mg) 
and atropine (0.25 mg) were injected intravenously. 
After this, she remained unable to speak. She tried 
but could not emit any sound. She moved her lips 
and tongue, mouthing the words she wanted to say 
and she understood fully all that was said to her. 

She remained conscious all that time. No neuro- 
logical deficit was apparent in the cranial nerves ex- 
cept for the aphonia. In addition, she was unable to 
move her upper extremities due to a flaccid paralysis. 
Her lower extremities were also paralyzed, but this 
we expected due to the regional anesthetic. The level 
of sensory anesthesia could not be determined with 
precision because of the difficulty of proper com- 
munication with the patient, but she appeared to re- 
spond to pinprick in the cranial nerves area. The de- 
creases in blood pressure and pulse rate were not 
excessive and there was no respiratory distress to give 
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evidence of a high level of anesthesia due to phrenic 
nerve involvement. Blood pressure and pulse re- 
turned gradually within 3-5 min to preanesthetic lev- 
els. Twenty-five minutes after the injection of the bu- 
pivacaine, her voice started to return, as did the ability 
to move her arms. 

Because blood pressure, heart rate, and ECG re- 
mained stable, the neurological deficits improved and 
anesthesia of the lower extremities was good, it was 
decided to proceed with the operation, which lasted 
45 min and was uneventful. Full recovery took place 
and no neurological deficit was observed after regres- 
sion of anesthesia. 


Discussion 


A patient is presented who developed unusual neu- 
rologic findings outside the area of epidural anes- 
thesia. The deficit consisted of aphonia and flaccid 
paralysis of both upper extremities. Because the exact 
level of the epidural anesthesia could not be deter- 
mined, the paralysis of the upper extremities could 
be attributed to the direct effect of the anesthetic 
reaching a spinal level of C5. It is unlikely that the 
anesthetic reached beyond this level, because phrenic 
nerve function—as evidenced by normal breathing— 
was not compromised. However, it is also possible 
that the anesthetic did not reach even the level of T1. 
This leaves the paralysis of the upper extremities to 
be explained by some other mechanism. The most 
likely explanation is a short transient ischemic episode 
involving the vertebrobasilar circulation. Ischemia in 
the area supplied by the vertebral arteries before they 
enter the basilar artery can explain the quadriplegia 
and the vocal cord paralysis with simultaneous spar- 
ing of the other cranial nerves (e.g., facial, hypoglos- 
sal). The ischemia can be explained as secondary to 
the transitory decrease in blood pressure. The patient 
remained awake and alert, able to ventilate ade- 
quately and to move her eyes, lips, and tongue in a 
purposeful manner, thus excluding alteration in con- 
sciousness, which would be associated with a higher 
level of brainstem ischemia. 

The possibility of ischemia in the circulation of the 
anterior cerebral cortex is unlikely. In view of the 
bilaterality of the neurological findings, one would 
have to consider ischemia in the distribution of both 
internal carotid arteries. Although proximal diplegia 
can be seen in transient ischemia affecting the wa- 
tershed areas of the cerebral cortex between the areas 
supplied by the anterior and middle cerebral arteries, 
the aphonia cannot be explained on this basis. An- 
other explanation, which cannot be ruled out, is a 
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psychophysical reaction (conversion reaction or hys- 
teria). Aphonia and transient paralysis are not un- 
common manifestations of hysteria. 

The possibility of a convulsive disorder is unlikely 
in view of uneventful past history, absence of 
tonic-clonic movements, and no loss of conscious- 
ness. Transient quadriplegia with aphonia has not 
been reported as a complication of epidural anes- 
thesia, to the best of our knowledge. 

Prolonged neurological sequelae after epidural or 
spinal anesthesia are rare. An extensive review of the 
literature by Dawkins (1) indicates that long-lasting 
paralysis occurs infrequently after lumbar or thoracic 
epidural block. Transient paraplegia beyond the time 
allowed for by the anesthetic itself was reported in 
0.1% of cases, whereas only 0.2% suffered permanent 
paraplegia. In his own series of 4000 epidural blocks, 
Dawkins had one case of permanent paraplegia and 
one patient who suffered paresis that improved over 
2 months. 

Four cases of prolonged neurological deficit after 
attempted epidural block with chloroprocaine were 
recently reported (2,3). Two patients had persistent 
motor paralysis of lower extremities; in the other two, 
total spinal anesthesia occurred, requiring artificial 
ventilation during the operation. In addition, motor 
paralysis of the lower extremities was noted after 
regression of anesthesia in both patients, accom- 
panied by urinary and fecal incontinence and partial 
sensory loss in one patient. Kane, in a review of the 
literature on neurological deficits after epidural or spinal 
anesthesia (4), found only one case with quadriparesis 
(5). This patient died seven days after the procedure 
and autopsy revealed necrosis of central grey matter 
of cord, attributed to shock during operation. In our 
case, the quadriparesis was of a very short duration, 
suggesting a transient ischemic attack in the verte- 
brobasilar vascular system, most likely secondary to 
the hypotension that occurred during the procedure. 
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Seizure Activity during Isoflurane Anesthesia 


Jayson A. Hymes, MD, MPH 


Seizure activity under general anesthesia is an un- 
common phenomenon. EEG abnormalities as well as 
tremors, clonus, and frank seizure-like motor activity 
have been reported with the use of enflurane, espe- 
cially in higher doses and with concomitant hypo- 
carbia (1). Recently several anecdotal reports have in- 
dicated fentanyl as a possible etiologic factor in the 
occurrence of intraoperative seizure activity. One of 
the purported benefits of the use of isoflurane as a 
general anesthetic is its rendering of an isoelectric 
EEG at concentrations greater than 1.8% in expired 
air and the resultant cerebral protection that this im- 
plies (2). We have observed intraoperative myoclonus 
and seizure-like activity in a patient during general 
anesthesia produced by isoflurane. 


Case Report 


A 27-yr-old, ASA class II, 205-cm tall, 91-kg male was 
scheduled for anterior synovectomy of the left hip for 
painful osteocondromatosis. Past medical history in- 
cluded poliomyelitis at 3 years old with residual atro- 
phy of his left shoulder muscles and some thoracic 
scoliosis. The latter was not severe enough to impair 
ventilation. Past surgical history was notable for a 
previous orthopedic procedure on his left hand ap- 
proximately 10 yr prior to this admission. General 
anesthesia of an unknown type was administered and 
no complications were reported. Physical examina- 
tion was within normal limits, except for some wast- 
ing of his left shoulder musculature and mild thoracic 
scoliosis. Preoperative neurological examination was 
within normal limits. 

_The patient was taken to the operating room after 
a premedication with oral diazepam (10 mg), intra- 
muscular morphine (10 mg), and glycopyrroiate (0.2 
mg). The patient was adequately sedated. An intra- 
venous infusion was begun and ECG electrodes and 
a blood pressure cuff were applied. The patient was 
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given 100 ug of fentanyl and 3 mg of d-tubocurarine 
and breathed 100% oxygen for 3 min before thiopental 
(400 mg) and succinylcholine (120 mg) were injected. 
The trachea was intubated without difficulty. The pa- 
tient then received nitrous cxide 70% in oxygen and 
isoflurane. Isoflurane concentrations in the inspired 
gas initially ranged from 3 to 5%, but then were main- 
tained at 0.75% with a fresh gas flow of 2.5:1 (N2:0%3). 
Ventilation was controlled (1000 ml x 8 breaths/min) 
and the inspired concentration of oxygen (30%) as 
well as end-tidal Pco2 (38 mm Hg) were continuously 
monitored. The surgeons commented that the patient 
was becoming “tight” and they felt that the patient's 
muscle tone increased as the operation progressed. 
There were no sympathetic signs of light anesthesia; 
the patient’s blood pressure and pulse rate remained 
unchanged, and sympathetic responses to noxious 
stimulation were suppressed. Approximately 1.5 hr 
after induction, the patient was given another 100-yg 
dose of fentanyl because of an increase in systolic 
blood pressure from approximately 95 to 115 torr. 
Approximately 30 min later, the surgeons noted that 
the increased muscle tone of the left lower extremity 
had progressed to sustained monoclonus of the left 
foot upon movement of the left leg. Examination of 
the patient at that time revealed sustained myoclonus 
in all four extremities and mild muscle spasticity in 


ethe trunk and limbs. The pulse rate, blood pressure, 


and normal peak inspiratory pressures remained un- 
changed. End-tidal Pco, at the time was approxi- 
mately 34 mm Hg and the oropharyngeal temperature 
was 35°C. Within 5 min the myoclonus that had been 
observed only with surgical stimulation suddenly 
progressed to a generalized seizure involving the 
musculature of the extremities, abdomen, trunk, and 
face. No evidence of a Jacksonian focus was seen as 
the movement appeared to develop over the entire 
body simultaneously. Thiopental (150 mg) was ad- 
ministered intravenously, and the muscular activity 
stopped within 1 min. Arterial blood-gas tensions at 
this time were PO, 167 mm Hg and Pco, 52 mm Hg; 
pH was 7.33 with a base excess +1, and serum elec- 
trolytes were within normal limits, including ionized 
calcium (2.2 mEq/L). The end-tidal Pco, was slightly 
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increased from the previous value, to approximately 
58 mm Hg. 

After this episode, the patient continued to have 
sustained myoclonus in all extremities. Babinski re- 
flexes were absent bilaterally. The myoclonus contin- 
ued until the end of the operation, approximately 35 
min later. The patient was observed closely during 
emergence from anesthesia and, as the isoflurane con- 
centration in expired gas decreased, the myoclonus 
was confined to the lower extremities and its duration 
decreased to approximately 6-10 beats. The patient 
was awake and alert before leaving the operating room. 
He was extubated and transferred to the recovery 
room. He continued to respond appropriately and 
remained normal in every aspect except for persistent 
myoclonus. There was no evidence of inadequate 
sphincter function or slowness in awakening. He was 
discharged from the recovery room after 1 hr with 
2-3 myoclonic contractions per minute involving both 
lower extremities. By that evening the patient’s neu- 
rological examination had returned to normal. At this 
time an EEG was also normal. The patient was dis- 
charged home in stable condition after 5 days. Further 
discussions with the patient and his family members 
failed to elicit personal or familial histories of neu- 
rological problems. 


Discussion 
Electroencephalographic recordings were not ob- 


tained during the maximum seizure-like activity ex- - 


hibited by this patient. Observations by the surgical 
and anesthetic personnel were consistently described 
as generalized seizure-like activity in an otherwise 
well-anesthetized patient. Monitoring of inspired ox- 
ygen concentration, end-tidal PcO2, and hemody- 
namic variability revealed no problems and provided 
no clue as to etiologic factors. Blood-gas tensions im- 
mediately after the most intense activity were essen- 
tially normal except for a mild increase in arterial Pco2 
that was matched by a mild increase in end-tidal Pco,, 
possibly suggesting increased CO, production. 

One possible confusing factor is that the patient 
had received fentanyl in two 100-yg intravenous bol- 
uses, the first having been administered approxi- 
mately 12.75 hr prior to the apparent seizure, and the 
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second approximately 1.5 hr prior to the event. Even 
though seizures have been implicated as a conse- 
quence of high doses of fentanyl, only anecdotal re- 
ports and no EEG evidence of seizures have been 
published (3). The very small doses of fentanyl used 
in this case, coupled with the long time between the 
administration of fentanyl and the onset of myoclonus 
serve to discount the possibility of fentanyl as a caus- 
ative factor. 

Other possible seizure-precipitating factors to be 
considered are abnormalities of serum electrolyte lev- 
els and Pco2. These were within normal limits at the 
time of the seizure-like activity. Another conceivable 
cause of the increased muscle tone early in the case 
might have been the skeletal muscle effects of malig- 
nant hyperpyrexia. However, the lack of change in 
hemodynamic, and metabolic variables (pulse rate, 
blood pressure, and temperature) and respiratory val- 
ues (respiratory rate, end-tidal PCO) are against this 
possibility. The patient’s history of poliomyelitis might 
contribute to the perception of abnormal muscular 
activity under general anesthesia. Two separate neu- 
rological consultations after the operation expressed 
that this was a very remote possibility. 

In summary, the otherwise healthy young man had 
an apparent grand mal seizure under O.—-N2O and 
isoflurane anesthesia with preceding and subse- 
quent myoclonus that resolved after the discontin- 


` uation of the anesthetics. Even though isoflurane has 


been thought to be superior to its isomer enflurane, 
in this regard (1,2,4,5) it may not be devoid of CNS- 
stimulating actions, at least in some types of patients. 
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Atracurium in a Child with Myotonic Dystrophy 


Joseph A. Stirt, MD, David J. Stone, MD, Guy Weinberg, MD, Douglas F. Willson, MD, 
Cary S. Sternick, MD, and Michael D. Sussman, MD 


“The production of muscle relaxation in a myotonic 
is one of the most difficult problems facing the anes- 
thesiologist’’ (1). Succinylcholine has been shown to 
cause prolonged contracture of skeletal muscle in pa- 
tients with myotonic dystrophy (2). Intubating doses 
of pancuronium, d-tubocurarine, or metocurine, the 
most commonly used nondepolarizing relaxants, may 
produce a duration of neuromuscular block requiring 
antagonism after a relatively brief surgical procedure. 
Little information exists about the effects of neostig- 
mine in patients with myotonic dystrophy (2,3). We 
describe here the use of atracurium for intubation and 
muscle relaxation in a 3-yr-old child with myotonic 
dystrophy. 


Case Report 


A 3-yr-old 15-kg girl was admitted to the hospital for 
bilateral Achilles tendon lengthening. A diagnosis of 
myotonic dystrophy had been made previously by a 
pediatric neurologist and a medical geneticist on the 
basis of history, physical examination, and electro- 
myography. The patient’s mother and maternal 
grandfather also had myotonic dystrophy. 

Physical examination revealed a child with gener- 
alized hypotonia, moderate scoliosis of the thoracic 
spine, and severe plantar flexion of the feet. Other 
than esotropia and decreased visual acuity in the left 
eye, no abnormalities of the head and neck were noted. 
Laboratory values included a hematocrit of 42 and a 
normal urinalysis. 

The patient was brought to the operating room 
without premedication. Use of the prone position for 
surgery was planned. Mask induction with halothane 
in O, was without incident. An intravenous infusion 
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of 5% dextrose in lactated Ringer’s solution was begun 
and 0.1 mg of atropine administered intravenously. 
A Grass FT-10 force transducer was attached to the 
hand to monitor twitch tension of the thumb in re- 
sponse to supramaximal ulnar nerve stimulation of 
0.15-msec duration at 0.15 Hz. A ‘Gould strip chart 
recorder run at 5 mm/min was used to record the force 
transducer measurements. 

Atracurium 1.5 mg (0.1 mg/kg) was given intra- 
venously, and the onset of neuromuscular block be- 
gan within 1 min. A 92% reduction in twitch height 
occurred within 4 min (Fig. 1). Laryngoscopy and 
intubation were performed without difficulty 6 min 
after atracurium administration. No myotonia or pa- 
tient movement occurred during laryngoscopy or in- 
tubation. At this time the surgeon decided to leave 
the patient supine for better surgical access. 

Anesthesia was maintained with halothane and 60% 
N20 in O, using a humidified, warmed circle system 
for the duration of the operation; recovery from neu- 
romuscular block was allowed to occur sponta- 
neously. Recovery to 95% of control twitch height 
occurred 54 min after atracurium administration (Fig. 
1). After the patient emerged from anesthesia, the 
trachea was extubated once airway reflexes had re- 
turned. The child subsequently made an uneventful 
recovery. 


Discussion 


Myotonic dystrophy, also known as dystrophia myo- 
tonia, dystrophia myotonica, myotonia atrophica, 
Batten—Curschmann disease, Steinert’s disease, and 
Hoffman’s disease, is a rare autosomal dominantly 
inherited congenital disorder. It is a steadily progres- 
sive muscular disorder characterized by myotonia, a 
delay in the relaxation of contracted muscle, and pro- 
gressive muscular atrophy and wasting (4). Multi- 
system organ involvement, especially of the airway 
and swallowing mechanism (5,6), heart (4,7), and lungs 
(4,8), is commonly present, rendering anesthesia for 
such patients difficult. Onset of the disease is usually 
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Figure 1. Neuromuscular block after atracurium (0.1 mg/kg intra- 
venously). Onset of block began within 1 min, and 92% reduction 
in twitch height occurred in 4 min. Recovery to 95% of control 
twitch height occurred 54 min after administration of atracurium. 


in late childhood or adult life, but in recent years the 
syndrome has been described in newborns and in- 
fants (9). “Little is known of the way pediatric patients 
with early onset myotonic dystrophy respond to anes- 
thesia” (10). 

Several factors influenced our approach to the pa- 
tient we describe above. First, because the prone po- 
sition was to be employed, we considered tracheal 
intubation to be mandatory to assure an airway. In- 
tubation probably could have been performed after 
inhalation anesthesia induction without the aid of 
muscle relaxants. However, triggering of a myotonic 
response after attempts at airway instrumentation 
without muscle relaxation, preventing successful es- 
tablishment of an airway, ventilation, or both, has 
been reported (2). Thus we thought that intubation 
with the help of a muscle relaxant was optimal for 
our patient. 

A rapid sequence induction and intubation did not 
seem appropriate because structural airway abnor- 
malities may be present in patients with myotonic 
dystrophy (6) and because succinylcholine produces 
a generalized contracture of skeletal muscle in these 
patients, resulting in inability to maintain an airway 
and to ventilate the lungs (2). In addition, establish- 
ment of an intravenous infusion in our awake patient 
would have been difficult. The response of myotonic 
patients to nondepolarizing relaxants, however, ap-* 
pears to be normal (2), although mechanical stimu- 
lation may produce contracture (11). Because the length 
of the planned procedure was estimated to be ap- 
proximately one hour, intubating doses of the longer 
acting nondepolarizing relaxants most likely would 
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have required antagonism with an anticholinesterase 
drug at the conclusion of surgery, unless the patient 
had been left intubated until spontaneous recovery 
had occurred. 

Use of neostigmine in myotonic dystrophy has been 
reported safe in two cases (2), although an earlier 
report mentions the possibility of increased myotonia 
after neostigmine (3). We chose to try to avoid neo- 
stigmine because of the limited information on its 
effects in these patients. 

In summary, we used atracurium to provide neu- 
romuscular block for intubation and surgery in a 3- 
yr-old child with myotonic dystrophy. Muscle relax- 
ation and spontaneous recovery in less than one hour 
were without incident. Atracurium, because of its 
shorter duration of action and, therefore, less likely 
need for antagonism, appears to offer an alternative 
to other muscle relaxants in those patients with my- 
otonic dystrophy who require neuromuscular block- 
ade during anesthesia. 
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Anesthetic Management of a Patient with Moebius Syndrome 


William J. Krajcirik, Do, Isaac Azar, MD, Sheldon Opperman, MD, and Erwin Lear, MD 


Moebius syndrome is a rare congenital dysplasia of 
cranial nerves (1,2). The VI and VII cranial nerves are 
commonly affected, resulting in esotropia and com- 
plete or partial facial paralysis. Occasionally the V, X, 
XI, and XII cranial nerves are also involved, resulting 
in difficulties in chewing, swallowing, and coughing, 
and often leading to aspiration with respiratory com- 
plications. The following is a report of the anesthetic 
management and postoperative complications in a pa- 
tient with Moebius syndrome. 


Case Report 


A 13-yr-old girl with Moebius syndrome and recur- 
rent pulmonary aspiration was scheduled fer diag- 
nostic fiberoptic bronchoscopy because of persistent 
left lower lobe pneumonia. Previous examination by 
a neurologist revealed expressionless facies, marked 
bilateral facial paralysis, and dysarthria. She could not 
gaze fully to right or left. The gag reflex was present, 
but elevation of the uvula was very poor. The corneal 
reflex was impaired bilaterally. 

Two years prior to the present admission, the pa- 
tient had an episode of chest pain, tachycardia, and 
pleuritic and pericardial friction rubs. The ECG re- 
vealed left axis deviation with low voltage, and echo- 
cardiography suggested an increase in the left ven- 
tricular size. The possibility of cardiomyopathy was 
entertained. Shortly after these events the patient 
underwent uneventful arthroscopy under anesthesia 
with nitrous oxide, fentanyl, and pancuronium. 

At the present admission physical examination re- 
vealed a slender girl weighing 26 kg. The heart rate 
was 88 beats/min, blood pressure 100/70 mm Hg, res- 
piratory rate 18 breaths/min, and body temperature 
37°C. Examination of the chest revealed diminished 
breath sounds at the left lower base. A II/VI systolic 
murmur was heard at the apex, occasionally associ- 
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ated with a heave. Echocardiographic studies sug- 
gested decreased left ventricular contractility and were 
compatible with cardiomyopathy. Chest x-rays re- 
vealed left lower lobe atelectasis and pneumonia. The 
arterial blood-gas tensions while the patient was 
breathing room air were Po}, 71 mm Hg; Pco,, 40 
mm Hg; and pH, 7.39. Other routine studies were 
within normal limits. 

No preanesthesia sedation was given. In the op- 
erating room an intravenous catheter was inserted 
and a precordial stethoscope, blood pressure cuff, ECG 
electrodes, and a peripheral nerve stimulator were 
applied. After oxygenation by mask, anesthesia was 
induced with fentanyl (0.1 mg) and diazepam (10 mg 
intravenously). Pancuronium (0.75 mg) and d-tubo- 
curarine (4.5 mg) were given to facilitate tracheal in- 
tubation. An 8.0-mm tracheal tube was placed easily. 
Anesthesia was maintained with 50% nitrous oxide 
in oxygen and intermittent doses of fentanyl. Venti- 
lation was maintained manually with tidal volume of 
290 ml at the rate of 12 breaths/min. 

Copious secretions were aspirated via the bron- 
choscope, but no specific cause for the atelectasis was 
found. The bronchial tree was irrigated with saline 
and the bronchoscope was withdrawn. The patient’s 
vital signs remained stable. At the conclusion of the 
procedure, edrophonium (15 mg) and atropine (0.4 

*mg) were administered to reverse the neuromuscular 
blockade. The train-of-four response indicated com- 
plete reversal of the neuromuscular blockade and the 
patient’s spontaneous breathing was deemed ade- 
quate clinically. After vigorous aspiration of secre- 
tions through the tracheal tube, the patient was ex- 
tubated and transferred awake to the recovery room. 

Shortly after arrival in the recovery room, the pa- 
tient developed acute respiratory distress. Examina- 
tion of the chest revealed bilateral diffuse coarse bron- 
chi. Arterial blood gases, determined with the patient 
breathing oxygen by mask, were PO2, 64 mm Hg; 
PCO2, 70 mm Hg; and pH, 7.27. The trachea was in- 
tubated again and, after aspirating large amounts of 
secretions through the tube, ventilation was mechan- 
ically controlled. Excessive production of secretions 
continued to occur and the patient required tracheal 
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toilet and respiratory support for 48 hr. The patient 
was then weaned from the ventilator and the trachea 
was extubated without further complications. 


Discussion 


Our patient had several anesthetic problems. First, 
she had a weak swallowing reflex and recurrent pul- 
monary infections, probably from repeated episodes 
of aspiration. This resulted in acute and chronic pul- 
monary changes and a reduction in pulmonary func- 
tion, as evident from her preanesthetic chest x-ray 
and by arterial blood-gas values. Also, though Moe- 
bius syndrome has not been associated with cardio- 


myopathy, our patient had a medical history sugges- . 


tive of cardiomyopathy. However, because myopathies 
are often associated with a cardiomyopathy (3), it is 
possible that this patient’s cardiac symptoms were 
part of the syndrome. We avoided volatile anesthetic 
agents to reduce the risk of myocardial depression. 
The patient tolerated diazepam and fentanyl weil and 
no major changes in the blood pressure occurred dur- 
ing the procedure. 

Tracheal intubation was facilitated by a mixture of 
pancuronium and d-tubocurarine in order to reduce 
the cardiovascular effects of a fully paralyzing dose 
of either drug (4). In addition, the mutual potentiation 
of pancuronium and d-tubocurarine (5) reduced the 
total intubating dose of the mixture and allowed rapid 
recovery of the neuromuscular junction. At the con- 
clusion of the bronchoscopy, the neuromuscular 
blockade was rapidly reversed after edrophonium 
administration. 

The only complication in this patient was the ac- 
cumulation of copious secretions in the airway after 
extubation. This was probably caused by the lack of 
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adequate swallowing and coughing reflexes, and was 
probably further aggravated by instrumentation of the 
airway and administration of edrophonium. The pre- 
operative use of antisialagogues such as atropine, sco- 
polamine, and glycopyrrolate may have minimized 
the secretions. The patient should have been left in- 
tubated after anesthesia until the bronchial secretions 
diminished to the point that the patient could manage 
them herself. 

In summary, a patient with Moebius syndrome and 
repeated episodes of aspiration and pulmonary com- 
plications tolerated well nitrous oxide—fentany] anes- 
thesia with a d-tubocurarine—pancuronium mixture, 
during fiberoptic bronchoscopy. However, after the 
bronchoscopy the patient developed acute respiratory 
failure due to excessive secretions in the airway and 
required tracheal intubation and respiratory support 
for 48 hr. We recommend that these patients be med- 
icated preoperatively with an antisialagogue and re- 
ceive intensive respiratory support postoperatively, 
preferably with the tracheal tube in place, to facilitate 
bronchial toilet. 
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Shoulder Block Anesthesia for Shoulder Reconstruction Surgery 


David O. Peterson, MD 


Effective regional anesthesia for glenohumeral ar- 
throplasty must include blockade of the brachial plexus, 
the superficial cervical plexus, and the first through 
third thoracic somatic nerves. A shoulder block tech- 
nique including interscalene and upper thoracic 
paravertebral blocks was developed for shoulder re- 
construction procedures at the author’s institution. 
Because the success rate and morbidity associated with 
this combination anesthetic are unreported, a retro- 
spective analysis of one year’s experience was 
undertaken. 


Methods 


Shoulder block was selected as the anesthetic tech- 
nique including interscalene and upper thoracic para- 
vertebral blocks was developed for shoulder recon- 
physical status I or II and ranged in age from 18 to 
74 yr, with a mean age (+ sD) of 24 + 10 vr. Pre- 
medication was with a sedative or narcotic, or both. 
Blocks were performed in an induction room by a 
resident or other anesthesia trainee, with a staff anes- 
thesiologist in attendance. Interscalene blocks were 
performed as described by Winnie (1), using a solu- 
tion of 0.2-0.25% tetracaine and 0.375-0.4% lidocaine 
with 1:250-266,000 epinephrine.* Initial interscalene 
anesthetic doses were 41 + 6 ml. Seventeen of 58 
patients (29%) received a second injection of 29 + 8 
ml prior to the operation. There was no relationship 
between the volume or concentration of the initial 
injection and requirement of a second dose. 
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Paravertebral blocks as described by Moore (2) and 
Adriani (3) were performed at some or all of the C8-T4 
levels using 3-15 ml (usually 5 ml) of the above so- 
lution per level. In 80% of cases T1-3 was blocked. 
T2 was included in all instances. Total doses were 21 
+ 10 ml. 

The total amount of anesthetic solution required 
for complete shoulder block averaged 71 + 18 ml, 
corresponding to 271 + 69 mg of lidocaine and 168 
+ 43 mg tetracaine. Surgical techniques for gleno- 
humeral joint arthroplasty in the semisitting position 
were as follows: Bristow (4)—38%, Bankart (5)—28%, 
Putti-Platt (6)—5%, unspecified—29%. Duration of 
surgery averaged 110 + 38 min (range 35-225 min). 


Results 


There were two failed blocks (3.4%); both patients 
complaining of pain on initial skin incision. These 
patients then received general anesthesia. In none of 
the remainder did a block wear off or require intra- 
operative reinjection. There were no anesthetic com- 
plications. Patients were discharged directly from the 
operating suite to their wards. 

One patient had postoperative biceps weakness and 
was found to have a transient isolated musculocuta- 


eneous nerve palsy, documented on electromyogra- 


phy. The attending surgeon attributed this to surgical 
traction on the nerve. Otherwise, no complications 
were reported in the postoperative notes. 


Discussion 


Shoulder surgery requires anesthesia of the nerves 
supplying the glenohumeral joint and the overlying 
skin in a wide area (Table 1). Branches from the bra- 
chial plexus, including the axillary, suprascapular, and 
lateral pectoral nerves innervate the joint capsule it- 
self. Cutaneous sensation is supplied largely by su- 
praclavicular (C3—4) branches of the cervical plexus, 
which cover a cape-like area over the shoulder (Fig. 
1). Hence, the interscalene cervical—brachial plexus 
block would seem ideally suited for complete shoul- 
der anesthesia. Yet in the only published study of 
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Table 1. Components of the Shoulder Block 


Area anesthetized Nerve Root Block technique 

Joint capsule Axillary (BP) C5-6 = Interscalene 
Suprascapular (BP) C5-6  Interscalene 
Lateral pectoral (BP) C5-7 — Interscalene 

Shoulder “cape” Supraclavicular (CP) C3-4 _ Interscalene 


Lower deltoid Axillary (upper lateral C5-6 Interscalene 


brachial cutaneous) 


(BP) 
Chest wall Intercostal T1-3  Paravertebral 
Axilla Intercostobrachial T2-3 Paravertebral 
Intercostal T1-—2 Paravertebral 
Medial brachial C8-T1 Interscalene 


cutaneous (BP) 


Abbreviations: BP, brachial plexus; CP, cervical plexus. 


regional anesthesia for shoulder reconstruction sur- 
gery, Mitchell et al. (7) reported a failure rate of 15% 
in 46 patients who had only interscalene blocks. 

In shoulder reconstruction, the surgical incision 
frequently extends beyond the cervical plexus “cape,” 
and may reach almost to the axilla for a Bankart pro- 
cedure. Also, retractors are placed deeply in the wound. 
Areas supplied by either the upper thoracic somatic 
nerves on the upper chest wall or the intercostobra- 
chial nerve (T2—3) in the axilla will be affected. Both 
Adriani (3, pp 428-9) and Moore (2, p 236) recognized 
the significance of T2—3 for shoulder surgery and ad- 
vocated axillary subcutaneous infiltration to periph- 
erally block the intercostobrachial nerve. Raj (8) sug- 
gested intercostal blockade of T2 at the posterior axillary 
line. At this location, the T3 contribution of the in- 
tercostobrachial nerve might already have joined T2, 
but cutaneous branches from T3 may not all be ade- 
quately blocked, and the small T1 intercostal is alto- 
gether ignored. 

A combination of T1-3 paravertebral blocks and 


interscalene block provide generous chest wall anes- ° 


thesia and block with certainty both the T2 and T3 
components of the intercostobrachial nerve. In this 
series, some patients also had C8 or T4 blocks, or 
both. The additional blocks were done to assure anes- 
thesia of T1-3 roots in cases where the landmark spi- 
nous process of the “vertebra prominens” (C7) could 
not be differentiated from T1 with certainty. 

In 1971 Balas (9) reported 300 cases using the sub- 
clavian perivascular block for a variety of operative 
procedures on the shoulder or upper arm. In those 
involving the shoulder capsule or axilla, T2 was blocked 
separately via the paravertebral approach. He re- 
ported an overall 4.67% incidence of failed block. In 
1981 Dekrey and Balas (10) expanded Balas’s series to 
more than 1500 upper arm and shoulder operations 
in which subclavian perivascular or interscalene blocks 
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Figure 1. Cutaneous sensory innervation of the shoulder relevant 
to the performance of shoulder block anesthesia. 


were used combined with paravertebrals when needed. 
However, in their report, specifics regarding tech- 
niques, operative procedures, and complications are 
lacking. 

A failure rate of 3.4% for shoulder block compares 
favorably with the 4.6% rate seen by Balas (9) and the 
15% failure rate of Mitchell (7). In the two failed blocks 
the patients complained of pain on initial incision, 
which indicates that the interscalene components were 
probably not adequately performed and tested. In a 
series of 34 interscalene blocks alone for various pro- 
cedures, Ward (11) reported a 9% failure rate. In Win- 
nie’s (1) original study, he failed in 6%. 

Although none was seen in this series, there are 
some potentially serious complications of shoulder 
block including pneumothorax (2,3,9,11,12), total 
subarachnoid block (13,14), high epidural block (15,16), 
and intravascular injection (2,3,7). 

Systemic toxicity resulting from the use of exces- 
sively high concentrations and large volumes of an- 
esthetic solution must be scrupously avoided. In this 
series, total tetracaine doses in excess of the com- 
monly accepted limits for a single dose were some- 
times used. The higher total doses were given in pa- 
tients who required reinjection of one or more 
components of the shoulder block. Repeat injections 
should be performed only after an adequate period 
of time has elapsed since the initial dose, in order to 
allow the drug to have its effect and be partially me- 
tabolized, thus avoiding the high plasma anesthetic 
levels that would be seen after a single bolus injection 


Ta 
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of the same amount. Nevertheless, the means for 
treating a systemic toxic reaction should always be at 
hand when using the doses of local anesthetic agent 
necessary for shoulder block. 

Most patients who have an effective interscalene 
block will develop a transient Horner's syndrome 
(2,10-12,17). Many will also be hoarse due to unilat- 
eral recurrent laryngeal nerve block (10-12,17), and 
5-6% will develop a unilateral phrenic nerve block 
(11,12,18). These latter nerve blocks are usually of 
little concern, and none were mentioned on the an- 
esthetic records in this patient group, although some 
may have occurred. 

Benefits associated with regional anesthesia cited 
by Mitchell (7) include significantly lower blood loss 
(presumably due to epinephrine-induced vasocon- 
striction) and shorter hospital stay. Regional anes- 
thesia also provides analgesia in the postoperative 
period. Although we did not do so, a catheter can 
also be placed in the interscalene space (1), to provide 
for longer duration of operative anesthesia and post- 
operative analgesia, the latter for as long as several 
days, as reported in 25 patients by Dekrey (19). Use 
of the shoulder block technique avoids potential risks 
associated with general endotracheal anesthesia in a 
semisitting patient where the anesthetist has poor 
access to the airway. 

In this study population comprised predominantly 
of young healthy patients, the shoulder block tech- 
nique was Safe and effective. Because relatively large 
doses of local anesthetic are routinely employed, cau- 
tion should be used in patient selection and amount 
of anesthetic administered. It should also be estab- 
lished that the operative procedure is not expected to 
be unusually long, as anesthetic duration may not 
suffice and the patient may not be able to tolerate an 
immobile position for a long period. With these con- 
siderations taken into account, the shoulder block can 
be a valuable addition to the anesthesiologist’s 
armamentarium. 
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Pulse Oximetry during Pulmonary Artery Surgery 


Robert H. Friesen, MD 


The pulse oximeter (Nellcor, Hayward, CA) is a non- 
invasive monitor that utilizes spectrophotoelectric 
techniques to measure arterial oxygen saturation (SaO,) 
in a pulsating vascular bed such as that of a finger. 
The technique has been described and its accuracy in 
adults has been documented (1). Abstracts of current 
research indicate that the monitor is accurate in pe- 
diatric patients as well (2,3). 

Surgical manipulations of the pulmonary artery (PA), 
such as application of a band or a clamp, can reduce 
PA blood flow enough that hypoxemia results. We 
are using the pulse oximeter for early detection of this 
complication. Two recent cases illustrate its use. 

A 3-week-old term neonate had coarctation of the 
aorta and a single ventricular septal defect (VSD) as- 
sociated with large left-to-right shunt, pulmonary hy- 
pertension, and congestive heart failure. The opera- 
tion was repair of the coarctation followed by PA 
banding. Proper placement of a PA band usually re- 
sults in a small decrease in arterial oxygen saturation 
due to variable shunting across the VSD. The optimal 
saturation range immediately following banding is 
87-92% during ventilation with 100% oxygen (4). If 
the band is too tight, the reduction in pulmonary 
blood flow may be so great as to cause hypoxemia. 
When the PA band was initially placed in our patient, 
SaO, decreased from 95 to 82%, indicating that the 
band was too tight. The band was adjusted until Sao, 
was 90%. When banding was complete, systolic pres- 
sure in the main PA distal to the band was 56 mm 
Hg and in the right ventricle 98 mm Hg. Arterial blood- 
gases were Satisfactory. 

The second patient was a term neonate with pul- 
monary atresia. Prostaglandin E was infused to main- 
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tain patency of the ductus arteriosus and thus provide 
some PA blood flow. Sao. was 75%. A Blalock- 
Taussig shunt was indicated to increase PA blood 
flow. During this operation, the right PA (RPA) is 
normally clamped to allow anastomosis of the distal 
end of the shunt to the side of the RPA. Most patients 
tolerate this temporary occlusion of RPA blood flow, 
but a few who do not become hypoxemic enough to 
experience cardiovascular deterioration. When the RPA 
was clamped in our patient, Sao, fell to below 20% 
in 60-90 sec. The clamp was removed before deteri- 
oration of vital signs occurred, and Sao, returned to 
75%. The RPA was too small to be partially clamped, 
so the operation was completed by anastomosing the 
distal end of the shunt to the main PA using a partial 
main PA clamp, which did not reduce PA blood flow 
significantly. When the shunt was completed, Sao, 
increased to 90%. 

These cases illustrate the use of the pulse oximeter 


' to rapidly detect and quantify oxygen desaturation 


during surgical manipulations that reduce PA blood 
flow. Traditionally, detection of this complication has 
depended on intraoperative recognition of the clinical 
signs of hypoxemia, such as bradycardia or cyanosis, 
or on arterial blood-gas analysis. The advantage of the 
pulse oximeter is that desaturation can be detected 
immediately, more quickly than laboratory methods 
and before clinical deterioration of the patient. 
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Letters to the Editor 


Disulfiram-like Reaction to 
Moxalactam after Celiac Plexus 
Alcohol Block 


To the Editor: 


We have recently observed a disulfiram-like reaction in a 
patient who nad taken a B-lactam antibiotic and underwent 
celiac plexus block with alcohol. 

A 68-yr-old woman suffering from abdominal and back 
pain of intractable nature secondary to uterine carcinoma 
underwent celiac plexus alcohol block. She had been given 
2 g moxalactam intravenously daily for 14 days for pneu- 
monia, the last dose being 3 days prior to the present pro- 
cedure. Satisfactory pain relief was obtained immediately 
after injection of 15 ml of 67% alcohol into the paraaortic 
space. Approximately 10 min later, flushing and sweating 
appeared over the neck and chest, followed by dizziness, 
nausea, and vomiting. The arterial blood pressure de- 
creased from 130/75 to 80/40 torr and the heart rate increased 
from 80 to 130 beats/min. The hypotension lasted for 4 hr 
despite fluid and vasopressor treatment. The other symp- 
toms disappeared 8 hr later without sequelae. 

The disulfiram-like action of B-lactam antibiotics, i.e., an 
inhibition of acetaldehyde dehydrogenase, was first spec- 
ulated in human volunteers who took cefoperazone and 
alcohol; they developed abnormal reactions to alcohol in- 
take, including peculiar facial flushing and tachycardia (1). 
The elevation of blood acetaldehyde level after combined 
administration of alcohol and B-lactams was confirmed in 
rats (2). The present case indicates that the disulfiram-like 
action of several antibiotics should be taken into consid- 
eration when alcohol block is attempted. 


Shinichiro Umeda, MD 
Toshiyuki Arai, MD 
Department of Anesthesiology 
Kyoto University Hospital 
Sakyo-ku, Kyoto. Japan 
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Esophageal Stethoscope Amplifier 


To the Editor: 


A device has been in use at University Hospital in Boston 
that amplifies the heart and breath sounds derived from an 
esophageal stethoscope (Fig. 1). The device frees the anes- 
thesiologist from the earpiece that so frequently limits 
movement about the patient. The device also allows all 
anesthesia personnel in the room to monitor the patient's 
breath sounds simultaneously. 
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Figure 1. Esophageal stethoscope amplifier. 
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The device is simple to assemble, costs under $25, and 
the parts can be obtained easily. The device consists of a 
microphone (Radio Shack #33-1058), amplifier (Radio Shack 
#277-1008), an MA-1 thermometer adapter (Bennett 
#000422) that fits over the microphone, and a female Luer 
connector (Dupaco Hemocoil) that connects to the esoph- 
ageal stethoscope. 


Robert Douglass 


Baburao Doddapaneni, MD 
University Hospital 

Boston University Medical Center 
Department of Anesthesia 

75 East Newton Street 

Boston, MA 02118 





Capnographs: A New Operating 
Room Pollution Hazard? 


To the Editor: 


Although the significance of exposure to anesthetic gases 
as an occupational health hazard remains controversial (1), 
the evidence for toxicity was sufficient to provoke recom- 
mendations from the National Institute of Occupational Safety 
and Health (NIOSH) (2). Current NIOSH standards for op- 
erating rooms suggest a maximum time-weighted average 
concentration of 25 ppm nitrous oxide and 1 ppm for the 
potent inhalational agents. Anesthesia departments, in- 
cluding our own, are currently employing control measures 
that include low-leakage equipment and efficient scaveng- 
ing systems. We recently assessed a newly introduced de- 
vice, the continuous CO, analyzer, for its environmental 
pollution potential. 

Indirect monitoring of Paco, during anesthesia is easily 
and inexpensively accomplished with current infrared tech- 
nology; the Puritan—Bennett CO, analyzer is a typical one. 
In practice, a sample port is inserted into the breathing 
circuit next to the endotracheal tube. Gas is sampled con- 
tinuously; Puritan—Bennett suggests a flow rate of 150 ml/min 
(+25, —5) for optimal response time (3). The sample is ex- 
hausted through the rear panel of the monitor (Fig. 1). The 
position of the monitor itself, relative to the patient, is lim- 
ited by the length of the sample tubing with a suggested 
maximum of 150 cm. 

If the monitor samples a mixture of 1% halothane in 70% 
NO at a rate of 150 ml/min, the exposure concentrations 
of these anesthetics may theoretically be above NIOSH rec- 
ommendations. Using the model of a spherical shell whose 
radii equal the “working distance” of the anesthesiologist 
from the capnograph, the maximum expected exposure lev- 
els range from 802 to 100 ppm for N-O and 11.5 to 1.4 ppm 
for halothane (sphere radius is 50 and 100 cm, respectively). 
This assumes that the sample is exhausted into a room being 
ventilated with 15 complete air exchanges per hour and 
allows for even mixing within four time constants (16 min). 

To test these predictions, we used a calibrated Miran-1 
Portable Infrared Gas analyzer to measure ambient levels 
of N-O in an OR. An artificial lung was ventilated via an 
endotracheal tube, with 70% NO at a total gas flow of 
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Figure 1. The rear panel of the Puritan—Bennett CO, analyzer. 
Notice the open exhaust ports for discharging the gas sample. 


6 L/min, delivered by an anesthesia machine previously 
demonstrated to be free of N,O leaks. Sampling was done 
for 30 min at a distance of 50-100 cm from the exhaust port 
of a Puritan—Bennett capnograph connected to the endo- 
tracheal tube. Nitrous oxide levels ranged from 0 to 5 ppm 
before the CO, analyzer was turned on, and from 2 to 8 
ppm while the analyzer was actively sampling, well within 
the error range of the equipment in use. 

The disparity between calculated and measured values 
in the anesthesiologist’s immediate working environment 
likely resulted from the fact that the ventilation pattern in 
the test OR was designed to provide high volume unidi- 
rectional flow from ceiling to floor and out. However, in 
those instances where ventilation is significantly lower, such 
capnographs may pose an underestimated pollution source. 
To date, there is no commercially available hardware to 
interface the monitors’ exhaust with conventional scaveng- 
ing systems. An improvised scavenging arrangement is de- 
scribed in the manufacturer’s operation manual, but such 
endeavors require user modifications and entail the possi- 
bility of reducing the accuracy of the analyzer (3). Manu- 
facturers of such devices should provide standard adaptors 
for use in scavenging their equipment, thereby maximizing 
the safety of the nearby personnel. 


We would like to acknowledge the Occupational Health and Safety 
Branch, Division of Safety, National Institutes of Health for their 
invaluable assistance in taking measurements in our operating rooms. 


Dan Lawson, MD 


Sandra Jelenich, MD 
Anesthesia Section, Clinical Center 
National Institutes of Health 
Bethesda, MD 20205 
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LETTERS TO THE EDITOR 


Counter-irritation Reduces Pain 
during Cutaneous Needle Insertion 


To the Editor: 


Thomas (1) described a valuable method of reducing the 
discomfort caused by the intracutaneous injection of a local 
anesthetic prior to insertion of large intravenous needles or 
cannulas. I would like to pass along another method that 
can be used in addition to or in place of Dr. Thomas's 
method to reduce the discomfort associated with the intra- 
cutaneous injection of local anesthetic solutions. 

The method involves the application of counter-irritation 
(CI) (2). Just before inserting the needle to inject the local 
anesthetic solution, the operator scratches the patient’s skin 
near where the infiltration will be made. This can be ac- 
complished with the extended index finger of the hand used 
to stretch the patient’s skin. The scratching should begin 
one or two seconds before and continue throughout needle 
insertion and infiltration. Using this technique patients sel- 
dom feel the needle stick or the injection of local anesthetic. 
Within about 30 sec the larger intravenous needle can then 
be inserted without pain. Below are the results of an in- 
formal study using approximately 0.5 ml of 0.5% lidocaine 
and a 25-gauge needle for cutaneous infiltration with and 
without counter-irritation (Table 1). To determine whether 
they experienced discomfort during either needle insertion 
or infiltration, patients were asked two questions: Did you 
feel the needie stick? Did you feel any pain? 


Table 1. Effect of Counter-irritation during Cutaneous 
Injection of Local Anesthetic Solution 


Did you feel With CI Without CI 
The needle? 4/25 25/25 
Any pain? 3/25 21/25 


Fifty patients: 25 with and 25 without CI. Numbers are “yes” responses 


to the questions indicated on the left. No randomization, no blinding. 


Initially the operator may feel a little clumsy scratching 
and injecting simultaneously; however, with only a little 
practice one becomes quite adept. The extra effort is often 
amply rewarded by patients’ astonishment that they have 
received an injection without ever feeling it. Needless to 
say, this method is safe and cost effective (over 1000 cases, 
combined operator and patient morbidity = 0, total 
cost = 0). 


Denis L. Bourke, MD 
Boston University Hospital 
75 East Newton Street 
Boston, MA 02118 
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Vent Stitch Entrapment 


To the Editor: 


I read with great interest the article by Dr. Vucins et al. 
(Vent stitch entrapment of Swan—Ganz catheters during 
cardiac surgery. Anesth Analg 1984;63:772-—4). Certainly 
they describe a very unusual situation in which the 
Swan-—Ganz catheter was pierced by a stitch. | 

However, I would take issue with their statement that 
percutaneous removal of a suture-entrapped catheter should 
be avoided because of the possibility of rupture of the atrial 
wall with resulting pericardial tamponade or exsanguina- 
tion. Ifa Swan—Ganz catheter is encircled by a stitch, usually 
the atrial wall is redundant enough in the area of stitching 
that bleeding is not a clinical problem if the Swan—Ganz 
catheter is removed percutaneously by sliding it through 
the loop. Certainly if continuity of the stitch is disrupted 
(as would have to be the case if a stitch passed through the 
Swan-—Ganz catheter), the chances of bleeding would be 
greater. But even in the case described a clot had formed 
outside the atrial wall, avoiding bleeding. 

One would like, if possible, to avoid reoperation in any 
patient that has undergone cardiac surgery. Since an earlier 
report (1), we have had two more situations in which a 
Swan-—Ganz catheter was easily removed by slipping it 
through an encircling atrial suture. In each case it was done 
percutaneously without any sequelae—thereby avoiding 
reoperation. 

If the Swan—Ganz catheter does not move easily, then 
the possibility of a perforating suture should be raised and 
excess traction must be avoided. However, if the Swan—Ganz 
line moves easily through the suture loop, indicating that 
there is probably an encircling atrial suture, percutaneous 
removal is usually easily performed at low risk. 


Peter C. Block, MD 

Harvard Medical School 

Cardiac Catheterization Laboratory 
Bullfinch One 

Massachusetts General Hospital 
Boston, MA 02114 
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Narcotics and the Sphincter of Oddi 


To the Editor: 


The study of McCammon et al. (1) on the effects of narcotic 
analgesics and antagonists—agonists on biliary tree dyna 
ics is the first study of the latter group of drugs in this area 
in humans. I would like to comment on some limitations 
in the design of this and previous observations utilizing 
similar methods. 

This study does not address the problem of uneven pa- 
tient distribution with regard to duration and extent of bil- 
iary tract disease. Cholangitis and pericholangitis ultimately 
result in fibrotic changes in the wall of the common bile 
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duct, resulting in stricture and sclerosis together with de- 
creased motility of the sphincter of Oddi, making it unable 
to respond to the spasmogenic effect of the narcotic. This 
may be a possible explanation for the unpredictability of 
narcotic-elicited spasm noted by McCammon et al. One 
should not expect the same responses (spasm) in patients 
with a one-month history of biliary disease and in patients 
with long-standing disease. The location and type of biliary 
tract stones (in the gallbladder or in the common duct, 
single large calculus or multiple small stones, etc.) are equally 
important. Furthermore, surgical technique may influence 
the response of the biliary tract to narcotics: a prolonged 
and technically difficult biliary tract operation causing sig- 
nificant degree of operative injury to the common duct and 
neighboring structures may introduce unpredictable factors 
into the narcotic-sphincter interaction. Measurements made 
after cholecystectomy, without choledochostomy, as was 
the case in their study, may not be comparable to those 
made after exploration of the common bile duct. 

As evidenced by their citation of a previous study (2), 
the authors are aware of the importance of temperature of 
the contrast material in determining the response of the 
sphincter of Oddi. Temperature of the contrast media was 
not reported in this study, thus another possible variable 
was introduced. 

Even if these questions are answered, the clinical appli- 
cability of the study remains in doubt. The degree of ob- 
struction to the common duct flow produced by pathologic 
conditions (e.g., fibrotic stricture or impacted stone) is not 
compared to the degree of obstruction produced by nar- 
cotic-induced spasm. The highest mean intrabiliary tract 
pressure found by the authors, 17.5 cm of saline, was with 
fentanyl. This produced only a 35% decrease in 60-sec flow 
rate. Would this mild degree of spasm interfere with intra- 
operative cholangiography? A surgeon’s thumb on a sy- 
ringe loaded with contrast media exerts far greater pressure! 

The authors themselves provide evidence that factors 
other than narcotics must be considered when assessing 
common duct patency. They excluded 9 out of 65 patients 
because of unexplained increases in intrabiliary pressure 


between control measurements, prior to the administration e 


of any narcotic. Would these occurrences have been attrib- 
uted to narcotics had these patients been included in the 
study? Indisputable statistical evidence of one agent’s su- 
periority is obvious from the results presented. Yet in the 
light of the problems mentioned, the clinical relevance re- 
mains questionable and further well-controlled studies of 
this important interaction are more than warranted. 


Jan Karasek, MD 
Department of Anesthesiology 
SUNY Upstate Medical Center - 
750 East Adams Street 
Syracuse, NY 
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LETTERS TO THE EDITOR 


In Response: 


We welcome the opportunity to respond to Dr. Karasek’s 
Letter to the Editor. Dr. Karasek correctly notes that the 
duration or extent of biliary tract disease was not known in 
our patients. We would argue however that this is rarely, 
if ever, known. Likewise Dr. Karasek correctly states that 
cholangitis and pericholangitis can result in fibrotic changes 
in the sphincter of Oddi and, therefore, decreased motility 
of the sphincter of Oddi. If significant stricture of the sphincter 
of Oddi had been present, one would expect abnormally 
high pressures and low flows. We did not note this in our 
patients. In fact, the flow and pressure measurements were 
comparable to those in the study of White et al. (1). We 
are, however, presently completing a larger study of pa- 
tients with biliary tract disease, which will allow comparison 
of manometric measurements and sphincter of Oddi pa- 
thology (biopsy findings). 

We also agree that manometric measurements made after 
cholecystectomy without any additional biliary tract explo- 
ration are not comparable to manometric measurements 
made after exploration of the common duct. Indeed, it is 
well accepted that prior surgical manipulation of the sphinc- 
ter of Oddi can result in spasm. We purposefully did not 
explore the common duct, utilized saline (room tempera- 
ture), and excluded patients from the study if there was a 
greater than 10% change between the first and second set 
of measurements. We felt that this gave us the best chance 
to evaluate, in vivo, the relative spasmogenic effects of nar- 
cotic analgesics and the agonists—antagonists. 

The final question raised is would this mild degree of 
spasm interfere with intraoperative cholangiography? The 
study by Jones et al. (2) indicates that at least with fentanyl- 
supplemented anesthesia, failure of passage of contrast me- 
dia is uncommon (3%). Additionally, other reports in the 
literature attest to the fact that other narcotics may cause 
spasm of the sphincter of Oddi and abnormal cholangio- 
grams (3,4). Although the incidence of abnormal cholan- 
giography secondary to narcotic-induced spasm may be low, 
it is valuable for the practicing anesthesiologist to be aware 
that the analgesics vary in their spasmogenic potential. Clin- 
ically, a narcotic as part of the premedicant regimen is ques- 
tionable in a patient with known biliary tract disease. Based 
on our data, if an analgesic is considered desirable, perhaps 
one of the newer agonists—antagonists would be preferable. 
Likewise, patients with biliary tract disease may require a 
balanced anesthetic technique for reasons of hemodynamic 
stability. Here again, the possibility of narcotic-induced spasm 
must be appreciated if needless common duct exploration 
is to be avoided. 


R.L. McCammon 
R.K. Stoelting 
J.A. Madura 


Indiana University 
School of Medicine 
1120 South Drive 
Indianapolis, IN 46223 
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Importance of Anesthetic 
Equivalence 


To the Editor: 


One important factor that evidently has not been considered 
in the otherwise excellent clinical study by Bastard et al.,* 
in their comparison of the circulatory effects of halothane 
and isoflurane (1), was the lack of anesthetic equivalence 
between halothane and isoflurane. According to previously 
published results (2-4), with a little extrapolation, the MAC 
of 50% N,O-halothane in 56-yr-old patients should be 0.39% 
and MAC of 50% N.O-isoflurane should be 0.59%. Con- 
sequently, the patients in Bastard’s study received 1.8 x 
MAC halothane and 1.4-1.5 x MAC isoflurane. It is cer- 
tainly conceivable that equianesthetic concentrations of iso- 
flurane may have produced different results from those 
reported. At the very least, this difference needs to be noted. 


Robert G. Merin, MD 

Department of Anesthesiology 

University of Texas Health Sciences Center 
at Houston 

Houston, TX 77030 
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In Response: 


We are grateful for the opportunity to reply to Dr. Merin’s 
letter on the subject of anesthetic equivalence, which is so 
germaine to a comparison of the hemodynamic effects of 
isoflurane (I) and halothane (H). However, we cannot agree 


*Editor’s note: Since publication of the original article, the auchor’s name 
has been changed to O. G. W. Weldon. This material will be indexec under 
both names. 
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Table 1. Calculation of MAC Values 


Anesthesia Surgery 
Iso- Halo- Iso- Halo- 
flurane thane flurane thane 
MAC in QO, 1.15 0.75 1.15 0.75 
(End-tidal 
conc. vol. %) 
Anesthetic 0.84 0.71 0.91 0.71 
concentration 
(End-tidal 
conc. vol. %) 
MAC equivalent 0.73 0.94 0.79 0,94 
MAC equivalent 0.5 0.5 0.5 0.5 
of 50% N-O 
Total MAC 1.23 1.44 1.29 1.44 


with Dr. Merin’s calculation of MAC equivalents. The effect 
of N,O on the reduction of MAC for a volatile agent is 
arithmetic, not geometric. Table 1 shows how MAC values 
were calculated in our study. 

The difference in MAC values between the groups is 
small. It arose during the conduct of the study because the 
anesthetic concentration was reduced in patients whose 
systolic blood pressures decreased below 100 mm Hg: this 
occurred more frequently in the I group during anesthesia 
before the start of surgery. Thus we cannot disagree with 
Dr. Merin: if both groups had received equivalent concen- 
trations of agents, the difference in blood pressure between 
the groups during “anesthesia” might have achieved sta- 
tistical significance. We have no reason to suppose that 
there would have been any other significant differences. 


Oliver G. Bastard, FFARCS* 
John R. Moyers, MD 


James G. Carter, MD 
Regional Cardiothoracic Centre 
Freeman Hospital 

Freeman Road 

High Heaton 

Newcastle upon Tyne, NE7 7DN 


Avoiding Air Infusion with 


Pressurized Infusion Systems: 
A New Hazard 


To the Editor: 


Since publication of our recent article (1), we have uncov- 
ered a new hazard associated with pressurized infusion 
systems. This issue affects not only our system, but also 
any infusion system, manual cr mechanized, that can de- 
liver volume at high pressure as the fluid bag is emptying. 

Travenol recently increased the air in their 1-L fluid bags 
from approximately 35 to 70 ml (personal communication, 
M.S. Goldstein, mp, Medical Director, Travenol Laborato- 
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ries). We have contacted Travenol and informed them of 
the increased hazard of air embolism caused by their prod- 
uct change; they are evaluating possible courses of action. 
To decrease the potential danger now, we suggest that the 
air be eliminated from each bag before use. Another possible 
safeguard is the use of intravenous tubings with large vol- 
umes, including drip chamber or hand pump. A 2-m wide- 
bore Y-type set with large filter (4C2194, Travenol, Oak 
Park, IL), which we used in our study, has a drip chamber 
volume of approximately 47 ml] and a total tubing volume 
of 72 ml when pressurized to 300 mm Hg, if it is filled 
according to manufacturer’s instructions. There is usually 
enough volume in the tubing to contain air emptying from 
the fluid bag, without passing it on to the patient. On the 
other hand, a simple 1.8-m intravenous tubing (2CQ001, 
Travenol) has a drip chamber volume of approximately 10 
ml and total tubing volume of 20 ml. Use of a smaller- 
volume intravenous tubing does permit air to escape, which 
could endanger the patient. 


LETTERS TO THE EDITOR 


The possibility of air infusion exists with every pressur- 
ized infusion system. Users should be aware of the recently 
increased danger associated with 1-L Travenol bags. 


Beverly K. Philip, MD 
James H. Philip, MD 
Bioengineering Laboratory 
Department of Anesthesia 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston, MA 02115 
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Book Reviews 


5-Hydroxytryptamine in Peripheral Reactions 
Fred DeClark, Paul M. Vanhoutte, eds. New York: Raven 
Press, 1982, 230 pp, $37.00. 


This volume is the result of a workshop, ‘5-Hydroxytrypt- 
amine in Peripheral Reactions,” held by leading scientists 
in the field. It summarizes our current understanding of 
the role of 5-hydroxytryptamine in both normal and patho- 
logic states of peripheral organs. 

The work is conveniently divided into four sections. The 
first summarizes the sites of production, storage, and re- 
lease of 5-hydroxytryptamine; its transport and release by 
platelets; and its subsequent metabolism by vascular endo- 
thelial cells. The second section describes both the direct 
physiologic effects of 5-hydroxytryptamine as well as ser- 
otonogenic amplifying mechanisms in the intact organism, 
blood vessel wall and platelets. Two papers summarize the 
physiologic effects of prostacyclin for comparison. A sub- 
sequent section focuses on pathologic states in which 
5-hydroxytryptamine may play an important role. These 
include malignant hyperthermia, Duchenne’s muscular 
dystrophy, shock, and hypertension. Finally, the phar- 
macologic profile of ketanserin, a 5-HT; specific serotono- 
genic receptor antagonist, is presented. As this drug is de- 
void of agonist properties, it has assumed an important role 
in elucidating the role of 5-hydroxytryptamine in both nor- 
mal and pathologic conditions. 

Although each paper is in and of itself an independent 
work, this style of organization of the papers provides for 
a clear and logical format of presentation. The papers are 
well written, quite readable, and possess ample references. 
Although the first sections are of interest primarily to phar- 
macologists and physiologists, the later sections are of in- 
terest to clinicians who manage patients with cardiovascular 
disease, hypertension, and muscular dystrophies. The pa- 
pers discuss the role of 5-hydroxytryptamine in these patho- 
logic conditions and the possible therapeutic potential of 
ketanserin. 


James K. Alifimoff, MD 

Instructor of Anesthesiology 

University of Pittsburgh School of Medicine 
Pittsburgh, PA 15213 
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Taher creer a meannan i 


Atlas of Emergency Medicine, 2nd ed. 
Peter Rosen, George L. Sternbach, eds. Baltimore: 
Williams and Wilkins Company, 1983, 234 pp, $34.00. 


Emergency physicians are called on daily to perform a va- 
riety of procedures. A good reference text on procedures 
must be an essential part of their library. Atlas of Emergency 
Medicine is one of many texts that attempt to address that 
need. The procedures are grouped according to organ sys- 
tem and the material is clearly written with easily readable 
print. Large, clearly drawn illustrations are another of its 
strengths; however, its organization is questionable in sev- 
eral respects. Background and indications for each proce- 
dure are discussed but are physically separate from instruc- 
tion on performance of each procedure or technique. This 
is awkward, forcing the reader to flip back and forth any- 
where from a few to a dozen or more pages. Also, the 
authors do not provide a list of required instruments and 
materials for each procedure. The reader must search through 
the text for this information. 

A detailed discussion of indications, precise instructions, 
and technical pearls are all part of a really good procedures 
book. Unfortunately, the instruction provided in this text 
is lacking in these areas. Cricothyrostomy is described as 
the “procedure of choice when it is indicated,” but the 
indications are never discussed. Percutaneous needle cri- 
cothyrostomy is recommended “under appropriate circum- 
stances,” but the circumstances are never discussed. Also, 
for needle cricothyrostomy, neither the appropriate size 
catheter nor the volume and flow of oxygen required are 
specified. No time limit is given for endotracheal intubation 
attempts or for endotracheal suctioning and the section on 
cardiac wound repair is only three sentences long. Nowhere 
is the dearth of material more apparent than in the section 
on intradermal suturing, where we are told to swathe the 
child in sheets, irrigate the wound, anesthetize the wound, 
and place subcutaneous sutures, all without any further 
discussion of how. l 

In general, this text does not attempt to address the 
special considerations of the pediatric patient. Occasional 
advice is given but another text would be required to ad- 
equately cover this area. Finally, although a number of con- 
troversial areas are touched on, the text is unfortunately 
without references. l 
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A good procedures book requires much of its author. A 
detailed treatment of indications, contraindications, tech- 
niques, and alternate techniques is an exhausting task. 
However well intentioned the authors were, this book fails 
to provide these things and thus falls short of sound in- 
struction on emergency medical procedures. 


W. Marc Barnett, MD 
Department of Emergency Medicine 
East Liverpool City Hospital 

East Liverpool, Ohno 
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Lange Medical Publications, 1984, 888 pp, $26.00. 
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O Tracrium* Injection (atracurium besylate) is ‘Atracurium has the special feature of being broken 

inactivated by two nonoxidative pathways that are down to inactive products by the Hofmann elimi- 

not dependent on kidney or liver function: nation reaction. This means that the active drug can 
be removed from the biophase by other means not 

41) Hofmann elimination—a nonenzymatic process that totally dependent on enzyme action, redistribution 

occurs at physiologic temperature and pH or excretion.”’ 

2] Ester hydrolysis—catalyzed by nonspecific “At present, no other available muscle relaxant under- 

esterases; normal levels of plasma cholinesterase are goes this kind of degradation at physiologic pH.” 

not required eC 

These attributes make Tracrium a more flexible sur- - 

gical muscle relaxant—it may be tailored to a wide Convenient and Ready to Use 


variety of surgical cases. Tracrium is easily administered—requires 
no premixing. P 





Few Cardiovascular Effects 
at Recommended Dosages 


O Tracrium® (atracurium besylate) produces virtually 
no clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 





Dosage Mean Blood Pressure (% control) N 
Values + SD 








(mg/kg) 





Adapted from Basta et ai.? 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


[1] Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


[J] Once recovery begins, it is relatively rapid and 
independent of dose 


[| This means that you do not have to calculate pro- 
gressively smaller doses for repeat administration, and 
that recovery is more consistent and predictable 


“One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 25%-75% recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative. ...”1 


Cardiovascular effects of atracurium 
N 


Dosage Mean Heart Rate (% control) 








(mg/kg) 









Values + SD 









Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 
within the clinical dosage range (at EDgs) for curare, 
at the upper limits of the clinical dosage range 

(at 2 x EDgs) for metocurine and outside the clinical 
dosage range (at 3 x EDgs) for atracurium* 


O Phe lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 
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TRACRIUM® INJECTION 
(atracurium besylate) 


DESCRIPTION: Tracrium (atracurium besylate) is an intermediate-duration, 
nondepolarizing, skeletal muscle relaxant for intravenous administration. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general 
anesthesia, to facilitate endotracheal intubation and to provide skeletal 
muscle relaxation during surgery or mechanical! ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to 
have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED 
IN AIRWAY MANAGEMENT AND RESPIRATORY SUPPORT. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or 
cerebration. It should be used only with adequate anesthesia. 


Tracrium Injection should not be mixed with alkaline solutions (e.g., 
barbiturate solutions) in the same syringe or administered simultaneously 
during intravenous infusion through the same needle. Depending on the 
resultant pH of such mixtures, Tracrium may be inactivated and a free 
acid may be precipitated. 


PRECAUTIONS: 

General: Tracrium is a less potent histamine releaser than d-tubocurarine 
or metocurine. The possibility of substantial histamine release in sensitive 
individuals must be considered however. Special caution should be 
exercised in administering Tracrium to patients in whom substantial 
histamine release would be especially hazardous (e.g., patients with 
clinically significant cardiovascular disease) and in patients with any 
history (e.g., severe anaphylactoid reactions or asthma) suggesting a 
greater risk of histamine release. In these patients, 

the recommended initial Tracrium dose is lower 

(0.3 to 0.4 mg/kg) than for other patients and should 

be administered slowly or in divided doses over 

one minute. 


Since Tracrium has no clinically significant effects 
onheart rate in the recommended dosage range, 
it will not counteract the bradycardia produced by 


TRACRIUM® INJECTION 
(atracurium besylate) 


Nursing Mothers: It is not known whether this drug is excreted in human 
milk. Caution should be exercised when Tracrium is administered to a 
nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 
2 years have not been established. 


ADVERSE REACTIONS: Tracrium produced few adverse reactions during 
extensive clinical trials, most of which were suggestive of histamine 
release (see PRECAUTIONS section). The overall incidence of clinically 
important adverse reactions was 7/875 or 0.8%. 


In the United Kingdom, where Tracrium has been marketed since December, 
1982, the most frequent adverse reactions reported in association with 
the use of Tracrium are cutaneous histamine-like reactions, bronchospasm, 
and bradycardia. These have been reported to occur in about one in 
10,000 patients. Less frequent adverse reactions are hypotension, heart 
arrest, tachycardia, cyanosis, and apnea, which have been reported to 
occur in approximately one in 100,000 patients. 


DOSAGE AND ADMINISTRATION: Tracrium should be administered 
intravenously. DO NOT GIVE TRACRIUM BY INTRAMUSCULAR 
ADMINISTRATION. 


A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous bolus 
injection, is the recommended initial dose for most patients. With this 
dose, good or excellent conditions for nonemergency intubation can be 
expected in 2 to 2.5 minutes in most patients, with maximum neuro- 
muscular blockade achieved approximately 3 to 5 minutes after injection. 
Clinically acceptable neuromuscular blockade under balanced anesthesia 
generally lasts 20 to 35 minutes; recovery to 25% of control is achieved 
approximately 35 to 45 minutes after injection, and recovery is usually 
95% complete approximately 60 minutes after injection. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg is 
recommended following the use of succinylcholine 
for intubation under balancec anesthesia. 


Tracrium is potentiated by isoflurane or enflurane 
anesthesia. The same initial Tracrium dose of 0.4 
to 0.5 mg/kg may be used for intubation prior to 
administration of these inhalation agents; however, 
if Tracrium is first administered under steady state 


headit iasa i be a n S TELECONFERENCE of isoflurane or enflurane, the initial Tracrium 

, brady uri ia may 3 
more common with Tracrium than with other as = vee hae DAG wah hoe sae 
muscle relaxants. March 20, 1985 which has only a marginal (approximately 20%) 


Tracrium may have profound effects in patients 
with myasthenia gravis, Eaton-Lambert syndrome 
or other neuromuscular diseases or in patients 
with severe electrolyte disorders or carcinomatosis. 


The safety of Tracrium has not been established 
in patients with bronchial asthma. 


Drug Interactions: The neuromuscular blocking 

action of Tracrium may be enhanced by enflurane; 

isoflurane; halothane; certain antibiotics, especially the aminoglycosides 
and polymyxins; lithium; magnesium salts; procainamide; or quinidine. 


if other muscle relaxants are used during the same procedure, the 
possibility of a synergistic or antagonist effect should be considered. 


Prior administration of succinylcholine does not enhance the duration, 
but quickens the onset and may increase the depth of neuromuscular 
blockade induced by Tracrium. Tracrium should not be administered until 
a patient has recovered from succinylcholine-induced neuromuscular 
blockade. 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Tracrium has 
been shown to be potentially teratogenic in rabbits when given in doses 
up to approximately one-half the human dose. There are no adequate 
and well-controlled studies in pregnant women. Tracrium should be used 
during pregnancy only if the potential benefit justifies the potential risk 
to the fetus. 


Labor and Delivery: It is not known whether muscle relaxants administered 
during vaginal delivery have immediate or delayed adverse effects on 
the fetus or increase the likelihood that resuscitation of the newborn will 
be necessary. The possibility that forceps delivery will be necessary 

may increase. 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during 
delivery by cesarean section. No harmful effects were attributable to 
Tracrium in any of the newborn infants, although smal! amounts of Tracrium 
were shown to cross the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following 
cesarean section during which a neuromuscular blocking agent has been 
administered. In patients receiving magnesium sulfate, the reversal of 
neuromuscular blockade may be unsatisfactory and Tracrium dose should 
be lowered as indicated. 


Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome North Carolina 27709 


Watch your mail for 
local details 


potentiating effect on Tracrium, smaller dosage 
reductions may be considered. 


Tracrium doses of 0.08 to 0.10 mg/kg are recom- 
mended for maintenance of neuromuscular 
blockade during prolonged surgical procedures. 
The first maintenance dose will generally be 
required 20 to 45 minutes after the initial Tracrium 
injection, but the need for maintenance doses 
should be determined by clinical criteria. Maintenance doses may be 
administered at relatively regular intervals for each patient, ranging 
approximately from 15 to 25 minutes under balanced anesthesia, slightly 
longer under isoflurane or enflurane. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg, given slowly or in divided 
doses over one minute, is recommended for patients with significant 
cardiovascular disease and for patients with any history (e.g., severe 
anaphylactoid reactions or asthma) suggesting a greater risk of histamine 
release. 


Dosage reductions must be considered also in patients with neuromuscular 
disease, severe electrolyte disorders, or carcinomatosis in which potenti- 
ation of neuromuscular blockade or difficulties with reversal have been 
demonstrated. 

No Tracrium dosage adjustments are required for patients with renal 
disease or for pediatric patients two years of age or older. In pediatric 
patients, maintenance doses may be required with slightly greater fre- 
quency than in adults. 

HOW SUPPLIED: Tracrium Injection, 10 mg atracurium besylate in each 
mi. Ampuls of 5 m! (50 mg atracurium besylate per ampul). Box of 10 ampuls 
(NDC-0081-0940-10). 

Store under refrigeration at 2° to 8°C (36° to 46°F); DO NOT FREEZE. 


U.S. Patent No. 4179507 
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Maximal Minimal 
control of recall 
anxiety Amnesic effects also start 


within minutes and generally 
Within minutes,'? the potent last 20 to 60 minutes.** Most 
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calming action of Injectable patients have diminished re- 
Valium (diazepam/Roche) call—or no recall at all—of 
administered IV. begins to con- their endoscopy. Use with ex- 
trol intense pre-endoscopic treme care in elderly and very 
anxiety. Patients are soon re- ill patients and in those with 
laxed, yet able to follow simple limited pulmonary reserve. 
instructions. While recovery Resuscitative facilities should 
to alertness is usually smooth be readily available and nar- 
and predictable, patients cotic dosage reduced by at 
should be advised against least one-third or, in some 
driving or engaging in other cases, eliminated. 


hazardous activities. 








+ - 4 y's, ba *y A > ] 
; 7 2 KĀ e. a 
at ad F i ; “ae ; Ae 
® . a ree ; ‘ 
i ~ f gs a$ E ’ 
y Y y ff a 
~ AE: >: í eiie 
, . S > 
n i r. - “i 
j | i < ‘De 
(d e : m E aoe 
vo 
o> 
v 


fazepanvHocheew — 1] 


In the moments before endoscopy" 
Please see references and summary of product information on the next page: | 3 oF ? 
@ Copyright © 1984 by Roche Products Inc. All rights reserved. t i iii 


References: 1. Diazepam and lorazepam in anesthesia. Drug Ther Bull 17(5): 
19-20, Mar 2, 1979. 2. Conner JT, et al; J Clin Pharmacol 18:285-292, May-Jun 
1978. 3. George KA, Dundee JW: Br J Clin Pharmacol 4:45-50, Feb 1977. 

4. Dundee JW, Pandit SK: Br J Pharmacol 44:140-144, Jan 1972. 5. Dundee JW, 
et al: Br J Anaesth 51:439-446, May 1979. 6. Gregg JM, Ryan DE, Levin KH: 

J Oral Surg 32:651-664, Sep 1974. 
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Before prescribing, please consult complete product information, a summary 
of which follows: 

indications: Management of anxlety disorders, or short-term relief of symptoms 
of anxiety Anxiety or tension associated with the stress of everyday life 

does not require treatment with an anxdotytic. Symptomatic relef of acute agita- 
tion, tremor, Impending or acute delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused by upper motor neuron disorders; 
athetosis, stiff-man syndrome; tetanus; status epilepticus, severe recurrent sel- 
ures; adjunctively in andety tension or acute stress reactions prior to endo- 
scopic/surgical procedures; cardioversion. 
Contraindications: Hypersensitivity, acute narrow angle glaucoma; may be used 
in patients with open angle glaucoma receiving appropriate 


thrombosis, 
impairment when used LV: Inject slowly taking 
at least one minute for each 5 mg (1 mi) given; do not use smeli veins, l.e., 
dorsum of hand or wrist use extreme care to avoid intra-arterial administration 
or extravasation. Do not mix or diute Valium with other solutions or drugs in 
syringe or infusion flask. If it is not feasible to administer Valium directly LV, it 


may be infected slowly through the infusion tubing as close as possible to the 
‘vein insertion. 


Administer with extreme care to elderly, very il, those with limited putmonary 
reserve because of possibility of apnea and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS depressants Increases depression with 
increased risk of apnea; have resuscitative facilities available. When used with 
narcotic analgesic, eliminate or reduce narcotic dosage at least 1/3, administer 
in small Increments. Should not be administered to patients in shock, coma, 
acute alcoholic intoxication with depression of vital signs. As with most CNS- 
acting drugs, caution against hazardous occupations requiring complete mental 
alertness (e.g, operating machinery, driving). 
Has precipitated tonic status epilepticus in patients treated for petit mal status or 

mal variant status. 

symptoms similar to those with barbiturates and alcohol heve been 

observed with abrupt discontinuation after long use of excessive doses. infre- 
quently, milder withdrawal symptoms have been reported following abrupt dis- 
continuation of benzodiazepines after long, continuous use at high therapeutic 
levels. After extended therapy, gradually taper dosage. 

Usage in Pregnancy: Use of minor first trimester 

should almost always be avoided because of Increased risk of congenl- e 

tal malformations, as suggested in several studies. Consider possibil- 


ity of pregnancy when therapy: advise patients to discuss 
therapy if they intend to or do become pregnant. 
Not recommended for OB use. 


Efficacysafety not established in neonates (age 30 days or less); prolonged 
CNS depression observed. in children, give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged somnolence; can be repeated after 15 to 
30 minutes. If no relief after third administration, appropriate adjunctive therapy 
is recommended. 

Precautions: Although promptly controlled, seizures may return; readminister if 
eee ee -term maintenance therapy 

If combined with other aye hoaopics or anticorinisaria. careia consider Wak 
vidual pharmacologic eff with known compounds which may 
potentiate action of Valium (diazepam/Roche), Le., phenothiazines, narcotics, 
barbiturates, MAO inhibitors, antidepressants, Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal 
tendencies. Observe usual precautions in impaired hepatic function; avoid accu- 
mulation in patients with Kidney function. Laryngospasm/ 
increased cough reflex are possible during peroral endoscopic procedures; use 


Injectable Valtum® (dlazepam/Roche) 

topical anesthetic, have necessary countermeasures available. Hypotension or 
muscular weakness possible, particularly when used with narcotics, barbiturates 
or alcohol. Use lower doses (2 to 5 mg) for eldertwdebilitated. 

The clearance of Valium and certain other nes can be delayed in 
association with Tagamet (cimetidine) administration. The clinical significance 
of this is unclear. 

Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis/phlebitis 

at injection site, confusion, depression, dysarthria, headache, hypoactivity 
slurred speech, syncope, tremor vertigo, constipation, nausea, incontinence, 
changes in libido, uri Unay ier bradycardia, cardiovascular collapse, 
hypotension, bturred vision, diplopia, nystagmus, urticaria, skin rash, hiccups, 
changes in salvation, neutropenia, jaundice. Paradoxical reactions such as 
acute hyperexcited states, anxlety, hallucinations, increased muscle 

insomnia, rage, sleep disturbances, stimulation have been reported; should 
these occur, discontinue drug. Cough, depressed respiration, dyspnea, hyper- 
ventilation, laryngaspasm/pain in throat and chest have been reported in peroral 
endoscopic procedures. Isolated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests advisable during long-term therapy Minor EEG 
changes, usually low-voltage fast activity of no known significance. 

Dosage: Usual initial dose In older children and adults is 2 to 20 mg IM. or LV, 
depending on indication and severity Larger doses may be required in some 
conditions (tetanus). In acute conditions injection may be repeated within | 
hour, although interval of 3 to 4 hours is usually satisfactory Lower doses (usu- 
ally 2 to 5 mg) with slow dosage increase for elderly or debilitated patients and 
when sedative drugs are added. (See Warnings and Adverse Reactions.) 

To agesin niania end chidren se below haye resuschaive menes 
available. 

LM. use: by deep infection into the muscle. 

LV. use: infect slowly take at least one minute for each 5 mg (1 mi) given. Do not 
use sma veins, Le., dorsum of hand or wrist. Use extreme care to avoid intra- 
arterial administration or extravasation. Do not mix or dilute Valium with other 
solutions or drugs in syringe or infusion flask. f it is not feasible to administer 
E E T E VEA een tUg as elase 
as possible to the vein insertion. 

Moderate arudety disorders and symptoms of anxiety 2 to 5 mg LM. or LV. and 
severe disorders and symptoms of anxiety, 5 to 10 mg LM. or LV, repeat 
in 3 to 4 hours if necessary; acute alcohol withdrawal, 10 mg LM. or IV. initially 
then 5 to 10 mg In 3 to 4 hours if n Muscle spasm, in adults, 5 to 10 mg 
LM. or LV. initially, then 5 to 10 mg in 3 to 4 hours If necessary (tetanus may 

require larger doses); sey chipper. aaridaer LV; dai, for leani K D Ove 
30 days of age, 1 to 2 mg LM. or LV, repeat every 3 to 4 hours # necessary; in 
chidren 5 years or older, 5 to 10 mg repeated every 3 to 4 hours as needed. 


‘Respiratory assistance should be available. 


Status epfepticus, severe recurrent convulsive seizures (IV. route preferred), 5 to 
10 mg adult dose administered slowly, repeat at 10- to 15-minute Intervals up to 
30 mg maximum. Repeat in 2 to 4 hours if necessary, keeping In mind possibi- 
ity of residual active metabolites. Use caution In presence of chronic hung dis- 
ease or unstable cardiovascular status. infants 30 and children 
under 5 , 0.2 to 0.5 mg. stowly every 2 to 5 min, up to 5 mg (LV. pre- 
ferred). 5 years plus, 1 mg every 2 to 5 min, up to 10 mg (slow LV. 
preferred); repeat in 3 to 4 hours if needed. EEG Sac ae Act sie 

In endoscopic procedures, titrate LV. dosage to desired sedative 

erally 10 mg of less but up to 20 mg (If narcotics are omitted) immediately prior 
to procedure; if LV. cannot be used, 5 to 10 mg iM. approximately 30 minutes 
prior to procedure. As preoperative medication, 10 mg LM; In cardioversion, 

5 to 15 mg LV. within 5 to 10 minutes prior to procedure, Once acute symptom- 
atology has been properly controlled with injectable form, patient may be placed 


Supptied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® (dis- 
aspen cage 2 mi, boxes of 10. Each ml contains 5 mg diazepam com- 
pounded with 10% ethyl alcohol. 5% sodium benzoate 
Spee ead ies Chk benzyl alcoho! as preservative. 


Manufactured by Hoffmann-La Roche Inc. 
Nutley New. Jersey 07110 


Distributed by Roche Products Inc. 
Manati, Puerto Rico 00701 
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A hypotensive agent for craniotomy and clipping of aneurysms 


Isoflurane may be used as both anesthetic 05% 4% ax — ass 
and hypotensive agent, providing for pre- ome EEE Pe 
cise control of blood pressure throughout 
procedures such as clipping of cerebral 

aneurysms.! P 


Blood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean blood pressure during the 
normotensive period was 70 mm Hg and 40 mm Hg during the 
hypotensive phase. ! 


200 mm Hg 








Control of intracranial pressure for craniotomy 
and excision of space-occupying lesion 


Isoflurane causes no increase in intracranial pressure (ICP) when 
PaCoO, is controlled at 25-30 tom, and ICP may be readily lowered 
during surgery by decreasing PaCO..? 
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Potentiation of relaxants for orthopedic surgery 

With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 
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Stability of heart rhythm when full hemostatic 

doses of epinephrine are needed 

“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.’’® 
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A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 

“Isoflurane is eliminated more rapidly 
than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 


anesthetic.’’” (Blood-gas partition coef- 


ficient, only 1.4) Group No. of Patients No. of Patients 
with N or N&V 
Anesthesia using isoflurane ın a mixture 


of oxygen and air produced a significantly TEA 

lower incidence of nausea and vomiting fentanyl. Ò; 20 6 (30%) 
following outpatient laparoscopy than 
anesthesia that included nitrous oxide.® 


fentanyl, NO, O, 37 23 (62%)* 


isoflurane, O, 20 5 (25%) 





Adapted from Alexander et al® *p<0.05 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION: FORANE (isoflurane) is a nonflammable general inhalation anesthetic agent 
It is 1-chloro-2,2,2-trifluoroethy) difluoromethy] ether, and its structural formula is 


F H F 


| Í 
F—C—C —0—C—H 
Some physical constants are r S e 
Molecular weight 184.5 


Boiling point 760 mm Hg 48.5°C (Uncorr.) 
Refractive index nf? 1.2990— 1.3005 


Specific gravity 25?/25°C 1.496 

Vapor pressure in mm Hg ** 20°C 238 
25°C 295 
30°C 367 
35°C 450 


**Equation for vapor pressure calculation 


where: A = 8.056 
F B = -1664 58 
T = °C + 273 16 (Kelvin) 


10g} 0Pyap =A+ 


Partition coefficients @ 37°C 


Water/gas 0.61 
Blood/gas/gas 1.43 
Oil/gas 90.8 
Partition coefficients @ 25°C—rubber and plastic 
Conductive rubber/gas 62.0 
Butyl rubber/gas 75.0 
Polyvinylchloride/gas 110.0 
Polyethylene/gas -2.0 
Polyurethane/gas ~14 
Polyolefin/gas ~1.1 
Buty] acetate/gas =25 


Purity by gas chromatography 

Lower limit of flammability in oxygen 
or nitrous oxide at 9 joules/sec 
and 23°C None 

Lower limit of flammability in oxygen 
or nitorus oxide at 900 joules/sec Greater than useful concen 
and 23°C tration in anesthesia 


Isoflurane ıs a clear, colorless, stable liquid containing no additives or chemical stabilizers 
Isoflurane has a mildly pungent, musty, ethereal odor Samples stored in indirect sunhght in 
clear, colorless glass for five years, as well as samples directly exposed for 30 hours to a 2 amp, 
115 volt, 60 cycle long wave UV light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal! sodium methoxide-methanol solution, a strong base 
for over six months consumed essentially no alkali, indicative of strong base stability Isoflurane 


does not decompose in the presence of soda lime, and does not attack aluminum, tin, brass, 
iron or copper 


CLINICAL PHARMACOLOGY: FORANE (isoflurane) is an inhalation anaesthetic The MAC 
(minimum alveolar concentration) in man is as follows 


>99.9% 


Age 100% Oxygen 70% N,O 
26+4 1.28 0.56 
44+7 1.15 050 
64+5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild pungency 
which limits the rate of induction, although excessive salivation of tracheobronchial secretions 
do not appear to be stimulated Pharyngeal and laryngeal reflexes are readily obtunded 
The level of anesthesia may be changed rapidly with isoflurane Isoflurane is a profound 
respiratory depressant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED 
WHEN NECESSARY As anesthetic dose is increased. tidal volume decreases and respiratory 
rate is unchanged. This depression is partially reversed by surgical stimulation, even at deeper 
levels of anesthesia. Isoflurane evokes a sigh response reminiscent of that seen with diethyl 
ether and enflurane, although the frequency is less than with enflurane 


Blood pressure decreases with induction of anesthesia but returns toward normal with surgical 
stimulation. Progressive increases in depth of anesthesia produce corresponding decreases in 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane required to 
reach a desired level of anesthesia and may reduce the arteria! hypotension seen with isoflurane 
alone. Heart rhythm is remarkably stable With controlled ventilation and normal PaCO. 
cardiac output is maintained despite increasing depth of anesthesia primarily through an 
increase in heart rate which compensates for a reduction in stroke volume The hypercapnia 
which attends spontaneous ventilation during isoflurane anesthesia further increases heart 
rate and raises Cardiac output above awake levels. Isoflurane does not sensgize the myocardium 
to exogenously administerd epinephrine in the dog. Limited data indicate that subcutaneous 
injection of 0.25 mg of epinephrine (50 ml of 1:200,000 solution) does not produce an increase in 
ventricular arrhythmias in patients anesthetized with isoflurane 


Muscle relaxation is often adequate for intra-abdominal operations at normal levels of 
anesthesia. Complete muscle paralysis can be attained with small doses of muscle relaxants 
ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH 
ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE 
Neostigmine reverses the effect of nondepolarizing muscle relaxants in the presence of isoflurane 
All commonly used muscle relaxants are compatible with isoflurane 


Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man In the postanesthesia 
period, only 0.17% of the isoflurane taken up can be recovered as urinary metabolites 


INDICATIONS AND USAGE: FORANE (isoflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia 


CONTRAINDICATIONS: Known senitivity to FORANE (isoflurane) or other halogenated agents 
Known or suspected genetic susceptibility to malignant hyperthermia 


WARNINGS: Since levels of anesthesia may be altered easily and rapidly, only vaporizers 
producing predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened 


Increased blood loss comparable to that seen with halothane has been observed in patients 
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undergoing abortions 


FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesi 


There may be a transient rise in cerebral spinal fluid pressure which is fully reversible wi 
hyperventilation 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) shou 
only be administered in an adequately equipped anesthetizing enivronment by those whoa 


Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slig) 
decrease in intellectual function for 2 or 3 days following anesthesia. As with other anesthetic 
small changes in moods and symptoms may persist for up to 6 days after administration 


Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinin 
with decrease in BUN, serum cholesterol and alkaline phosphatase have been observed 


Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxant: 
most notably nondepolarizing muscle relaxants, and M.A.C. (minimum alveolar concentratio1 
is reduced by concomitant administration of N.O. See Clinical Pharmacology 


Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposur 
might induce neoplasia. Isoflurane was given at '/,, %,and %4 M.A.C. for four in-utero exposure 
and for 24 exposures to the pups during the first nine weeks of life. The mice were killed < 
15 months of age. The incidence of tumors in these mice was the same as in untreated contre 


mice which were given the same background gases, but not the anesthetic 


Pregnancy Category C: Isoflurane has been shown to have possible anesthetic-related fetotox1 
effect in mice when given in doses 6 times the human dose. There are no adequate and wel 
controlled studies in pregnant women. Isoflurane should be used during pregnancy only if th 
potential benefit justifies the potential risk to the fetus 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because man 


drugs are excreted in human milk, caution should be exercised when isoflurane is administere: 
to a nursing woman 


Malignant Hyperthermia: In Susceptible individuals, isoflurane anesthesia may trigger i 
skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical syndrom 
known as malignant hyperthermia The syndrome includes nonspecific features such as musch 
rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure (It shoulc 
also be noted that many of these nonspecific signs may appear with light anesthesia, acuti 
hypoxia, etc ) An increase in overall metabolism may be reflected in an elevated temperatur 
(which may rise rapidly early or late in the case, but usually is not the first sign of augmentec 
metabolism) and an increased usage of the CO, absorption system (hot canister). PaO. anc 
pH may decrease, and hyperkalemia and a base deficit may appear Treatment include: 
discontinuance of triggering agents (e g.. isoflurane), administration of intravenous dantrolene 
and application of supportivé therapy. Such therapy includes vigorous efforts to restore body 
temperature to normal, respiratory and circulatory support as indicated, and management o 
electrolyte-fluid-acid-base derangements. (Consult prescribing information for dantrolene sodiurr 
intravenous for additional information on patient management ) Renal failure may appear later 
and urine flow should be sustained if possible 


ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
(isoflurane) are in general dose dependent extensions of pharmacophysiologic effects and 
include respiratory depression, hypotension and arrhythmias 


Shivering, nausea vomiting, and ileus have been observed in the postoperative period 


As with all other general anesthetics. transient elevations in white blood count have been 
observed even in the absence of surgical stress 


See PRECAUTIONS for information regarding malignant hyperthermia 


OVERDOSAGE: In the event of overdosage, or what may appear to be overdosage, the following 
action should be taken 


Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
witn pure oxygen 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient taking into account that secretions are weakly stimulated 
by FORANE (isoflurane) and the heart rate tends to be increased The use of anticholinergic 
drugs is a matter of choice 


Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplished by using 
a) vaporizers calibrated specifically for isoflurane: 
b) vaporizers from which delivered flows can be calculated, such as vaporizers delivering a 
saturated vapor which is then diluted The delivered concentration from such a vaporizer 
may be calculated using the formula 


100 PyFy 
F+(Pa-Py) 
where Pa= Pressure of atmosphere 
Py= Vapor pressure of isoflurane 


F y= Flow of gas through vaporizer (ml) 
F-= Total gas flow (ml) 


% isoflurane 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation of these 
vaporizers 


Induction: Induction with isoflurane in oxygen or in combmation with oxygen-nitrous oxide 
mixtures may produce coughing, breath holding, or laryngospasm. These difficulties may be 
avoided by the use of a hypnotic dose of an ultra-short acting barbituate. Inspired concentrations 
of 1.5 to 3% isoflurane usually produce surgical anesthesia in 7 to 10 minutes 

Maintenance: Surgical levels of anesthesia my be sustained with a 10-25% concentration 
when nitrous oxide is used concomitantly An additional 0.5% to 10% may be required when 


isoflurane is given using oxygen alone. If added relaxation is required, supplemental doses of 
muscle relaxants may be used 


The level of blood pressure during maintenance is an inverse function of isoflurane concentration 
in the absence of other complicating problems. Excessive Gecreases may be due to depth of 
anesthesia and in such instances may be corrected by lightening anesthesia 


HOW SUPPLIED: FORANE (isoflurane), NDC 10019-360-40. is packaged ın 100 ml amber-colored 
bottles 


Storage: Store at room temperature. Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods ın excess of five years 
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NEW! 
DECISION MAKING IN ANESTHESIOLOGY 


Edited by Lois L. Bready, M.D. and R. Brian Smith, M.D 
DECISION MAKING IN ANESTHESIOLOGY was designed 
with you ir mind. You don't wade through pages of patho- 
physiology to find quick answers. Algorithms (decision 
trees) are used to depict crucial problems you meet daily. 
It then tells you how to solve them — instantly! 

Contents (abridged): PRINCIPLES OF ANESTHESIOLOGY 
SPECIALTY ANESTHESIA: Cardiothoracic Anesthesia, Anes hesia for 
Vascular Surgery. Neuroanesthesia, Endoscopy, Anesthesia for 
Genitourinary surgery. Obstetric/Gynecologic Anesthesia. 
Otolaryngologic Problems, Ophthalmologic Anesthesia, Cutpatient 
Anesthesia, Anesthesia for ECT, Dental Anesthesia, Anesthesia for 
the Trauma Patient. Orthopedic Anesthesia, Recovery Room 
Problems; MEDICAL PROBLEMS: Endocrine Abnormalities 
Pulmonary Disease, Cardiac Diseases, Neurologic/Neuromuscular 
Diseases, Gcstrointestinal Diseases, Hematologic Diseases, Renal 
Abnormalities, Disorders of the Skin and Connective Tissue, 
Miscellaneous 

January, 1986. Approx. 250 pages, with illustrations 
(D-0818-X}) Mosby distributes this B.C. Decker, Inc. publica- 
tion. About $40.00. DG a 


NEW! 
DECISION MAKING IN CRITICAL CARE 


Edited by Hillary F. Don, M.D. 

This practical new text uses algorithms to emphasize 
decision making in critical care. Beginning with a critical 
sign or symptom or a resuscitative procedure, each 
decision tree proceeds through the various decision points 
in diagnosis and treatment. On the page facing the 
decision tree, concise text gives you details pertinent to 
decision points. 

Contents (abridged): Central Nervous System; Respiratory System; 
Cardiovascular System; Hepatic System; Gastrointestinal System: 
Renal System. Gynecological System; Endocrine System: 
Hematologic System; Metabolic; Sepsis; Psychiatric; Ethical: 
Miscellaneous 

June, 1985. Approx. 225 pages, with illustrations. (D-1416-3) 
Mosby distributes this B.C. Decker, Inc. publication About 
$36.00. me 


Wa! 


NEW! 
CLINICAL ANESTHESIOLOGY 


By Burnell R. Brown, Jr., M.D. Ph.D; Casey D. Blitt, M.D.; and 

Robert W. Vaughan, MD. 

è presents full discussions of the anesthesia sequence: 
preparation; induction; mainienance; awakening or 
termination; recovery room problems; postoperative 
care and complications 

e covers special procedures and areas of subspecialty 
interest such as obstetrics, pediatrics, cardiology and 
neurology 

è includes specialty topics suck as emergency patients, 
anesthetic complications anc principles of the ICU 

Contents: Overview of anesthesiology; Preoperative evaluation; 

Pharmacology of anesthetics and adjuvants; Monitoring during 

anesthesia; Regional anesthesia; Induction of anesthesia: 

Positioning and observation of the patient during the surgical 

period; Fluid and blood administration; Awakening and the 

postanesthetic recovery area; Anestnesiology and subspecialty 
areas; Anesthesiology and the emergency patient; Anesthesia 
complications; Management of respiratory failure; Pain manage- 
ment; Principles of resuscitation; Special procedures in anesthesiol- 
ogy: Anesthesia case histories 


1985. 410 pages, with 145 illustrations. (0858-9) $26.95. 


NEW! 
GUIDELINES IN CLINICAL ANAESTHESIA 


By P. Hutton, Ph.D. and Griselda Cooper, FF.AR.CS. 

This book examines the way in which coincidental 
diseases or other problems affect the process of anaes- 
thesia, considerations which are becoming more import- 
ant both as people live longer and as fewer patients are 
rejected as ‘unfit’ for surgery. Chapters are arranged by 
organ system, and in each the background pathology and 
physiology of diseases are explored before the pre-, intra-, 
and post-operative care is discussed. 

Contents: Cardiovascular disease; Pulmonary function, chest 
disease and anaesthesia; Disorders of nerve and muscle; The liver: 
Nutritional disorders; Endocrine and metabolic disease; Renal 
disease; Diseases of connective tissue, bones and joints; 
Haematology: Psychiatry; Anaesthesia and old age; Miscellaneous 
conditions 

March, 1985. Approx. 250 pages, with illustrations. (B-1047- 
8) Mosby distributes this Blackwell Scientific Publication. 
About $32.50. 
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HARVARD CONTINUING EDUCATION 





Massachusetts General Hospital = ate ¥ 
PEDIATRIC ANESTHESIA UPDATE 1985 a AER 
May 17-19, 1985 — a 





S6 will review physiology, pharmacology, and anesthetic responses unique to the pediatric patient. 
Our featured guest speaker is Dr. D. Ryan Cook, Professor and Chief of Anesthesiology, Children’s Hospital of 
Pittsburg, who willl discuss neonatal anesthesia, muscle relaxants and neuromuscular disease, and liver 
transplantation. 


Other topics include congenital heart disease, anesthetic equipment and mishaps, recovery room problems, 
resuscitation, management of burns, a panel on lung development, control of respiration, and prematurity; a 
second panel! will cover new muscle relaxants, pharmacokinetics of muscle relaxants, and neuromuscular 
disease. The luncheon meeting includes an open discussion of problem cases. Further topics Include outpatient 
anesthesia, premedication, retinopathy of the premature infant, and pediatric pharmacology. 


Three half-day sessions are approved for 15 credit hours in Category 1 of the Physician’s Recognition Award of 
the AMA. Application has been submitted to the American Association of Nurse Anesthetists for continuing 
education credits to be awarded to nurse anesthetists completing this course. 


For further details please contact: 


Harvard Medical School 

Department of Continuing Education 

Boston MA 02115 

(617) 732-1525 (M-F, 10 am—4 pm Eastern Time) 


Course Directors: Drs. John F. Ryan and Charles J. Coté, Department of Anesthesia, Massachusetts General 
Hospital, Boston, Massachusetts. 


THIRD INTERNATIONAL SYMPOSIUM "APPLIED CIRCULATION AND RESPIRATORY 
PHYSIOLOGY IN ANAESTHESIA AND INTENSIVE CARE" 


Rotterdam, De Doelen, The Netherlands, November 27-29,° 1985 


INVITED SPEAKERS 


Aubier M. (Paris), Erdmann W. (Rotterdam), Filley G.F. (Colorado), 
Gilston A. (London), Hansen T. (N. Carolina), Hochochka P.W. (British 
Col.), Kafer E.R. (N. Carolina), Karim F. (Leeds), Lister G. (Yale), 


Milic-Emili J. (Montreal), Patterson R.W. (Los Angeles), Robin E. 
(Stanford), Roussos C. (Montreal), Stinnett H.D. (N. Dakota), Theodore 


J. (Stanford), de Troyer A. (Belgium), Vatner S.V. (Harvard), Wagenvoort 
C.A. (Amsterdam), Whipp B. (UCLA), Woods L. (Chicago), Zimpfer M. (Vienn 


ABSTRACTS 


An important part of this symposium will be poster presentation of 
original papers. Abstracts not exceeding 500 words are invited with 
emphasis on the following subjects: 


Cardiac function + Circulation; Lung dysfunction; Pulmonary complication 


High frequency ventilation; Resuscitation; Monitoring advances; 
Hypoxic patient; Experimental approaches; Computerization. 


The deadline for submission of abstracts is September 1, 1985. 


For information, please apply to: Omar Prakash, M.D., Symposium Chairman 


Dept. of Thorax Anesthesiology, Erasmus University, P.0. Box 1738, 
3000 AR Rotterdam. The Netherlands. 
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ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, R.R. #9 Box 
86 MM, Santa Fe, New Mexico 87501, (505) 
983-7371. 








MAINE 

Well-established group practice in Bangor 
seeking a BC/BE anesthesiologist. Compet- 
itive salary and excellent retirement/fringe 
benefits package available to successful ap- 
plicant. Serving two hospitals (440/130 beds). 
All types of surgery (except cardiac). Prac- 
tice offers opportunity to enjoy beautiful 
Maine living while being close enough to 
major centers such as Boston. Submit = 
in confidence to Anesthesia Associates, PA, 
109 State Street, Bangor, ME 04401. 








ILLINOIS 

Immediate openings for board-certified/ 
eligible anesthesiologists—Assistant and 
Associate Professors. Research opportuni- 
ties. Applications with Curriculum Vitae 
should be forwarded to Dr. Donald W. Ben- 
son, University of Chicago, Department of 
Anesthesiology, 5841 S. Maryland Avenue, 
Chicago, IL 60637. (312) 962-6700. An equal 
opportunity employer. 








NEW YORK 

PGY4 July 1985. The Long Island Jewish- 
Hillside Medical Center, a clinical campus 
of the State University of New York at Stony 
Brook has positions available in pediatric 
anesthesia and cardiac anesthesia as a result 
of the opening of the Schneider Children’s 
Hospital and the expansion of the cardiac 
surgical program. Contact Stuart B. Woll- 
man, MD, Program Director, Department 
of Anesthesiology, Long Island Jewish-Hill- 
side Medical Center, New Hyde Park, NY 
11042. An equal opportunity employer. 








SUNBELT OPPORTUNITIES 
Anesthesiologists needed for expanding hos- 
pital-based practice and to participate in the 
development of the University of New Mex- 
ico School of Medicine Department of Anes- 
thesiology and residency training program. 
Our progressive University Hospital and 
Medical Center offer substantial clinical and 
academic responsibilities. Positions cur- 
rently available. Inquiry should be accom- 
panied by resume and addressed to J. Loren 
Pitcher, MD, Associate Dean for Clinical Af- 
fairs, University of New Mexico School of 
Medicine, 2211 Lomas Boulevard, N.E., Al- 
buquerque, NM 87106. The University of 
New Mexico is an equal opportunity edu- 
cator and employer. 








DIRECTOR OF ANESTHESIOLOGY 

Ellis Fischel State Cancer Center, an equal 
opportunity employer, is searching fora Di- 
rector of Anesthesiology. The Director would 
be expected to provide general and regional 
anesthesia for all types of cancer surgery. 
Teaching opportunities are available. Salary 
is competitive. Contact William G. Kraybill, 
MD, Chairman of Search Committee for 
Anesthesiology, Ellis Fischel State Cancer 
Center, Columbia, MO 65201. Phone (314) 
875-2100. 








EAST CENTRAL ILLINOIS 

Progressive 210 bed hospital seeking boarded 
Anesthesiologists. Attractive college town. 
Average 400 surgeries monthly. Send CV 
to Bill Rauwolf, SBLHC, Box 372, Mattoon, 
IL 61938. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 








VARIETY AND QUALITY IN WORK AND LIFE 
Join six MDs and nine CRNAs who provide 
anesthesia services for a 550-bed general 
hospital in Tulsa, OK. While offering the 
social, cultural, and recreational opportun- 
ities usually found only in larger cities, Tulsa 
is centered in an area of lakes allowing easy 
access to outdoor activities. Our practice in- 
cludes active neurological, cardiothoracic, 
vascular, and outpatiest surgical services. 
Coverage for obstetrics, includes epidurals 
for some vaginal deliveries. We personally 
administer anesthetics as well as supervise 
CRNAs. If you are an Anesthesiologist cur- 
rently trained and experienced in these areas 
and board certified or actively pursuing 
certification you should consider our group. 
We are offering a very competitive salary, 
excellent benefits, and a good place to live 
and practice. Send a letter with CV to J. 
Frederick Jones, MD, Tulsa Anesthesiolo- 
gists, Inc., 1145 S. Utica Ave., Suite 465, 
Tulsa, OK 74104. 








PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 


tion, solo or group, best of remuneration. 
1-800-521-6750. 











OKLAHOMA 

The Department of Anesthesiology, Oral 
Roberts University School of Medicine cur- 
rently has openings for a full-time Chair- 
man and an Assistant Professor with inter- 
ests in Teaching, Clinical Practice, and 
Research. Excellent opportunity for board 
eligible/board certified physician in an in- 
stitution dedicated to the philosophy of 
Whole Person Medicine. Rank and salary 
commensurate with qualifications and ne- 
gotiable. Send CV and names of three ref- 
erences to Larry D. Edwards, MD, Dean, 
Oral Roberts University, School of Medi- 
cine, City of Faith Medical & Research Cen- 
ter, 8181 South Lewis, Tulsa, OK 74137. 








ANESTHESIOLOGIST 

Anesthesiologist to associate with another 
anesthesiologist. Fee for service. Earning 
potential unlimited. Send CV to Box C5, % 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Co, Inc, 52 Van- 
derbilt Avenue, New York, NY 10017. 








FACULTY POSITIONS 

The Department of Anesthesiology, Tem- 
ple University School of Medicine has two 
positions available for board certified/eligi- 
ble anesthesiologists. A Senior Anesthe- 
siologist position requires experience in 
teaching clinical supervision and research. 
A Cardiac Anesthesiologist position re- 
quires a Fellowship in Cardiac Anesthesia. 
Job duties include teaching clinical super- 
vision and research. Faculty rank commen- 
surate with credentials for both positions. 
Send CV to James R. Harp, MD, Professor 
& Chairman of Anesthesiology, 3401 N. 
Broad St., Philadelphia, PA 19140. Equal 
opportunity/affirmative action employer. 








CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, orotherevents. 
Display space (minimum ?⁄4 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $.90 per word, min- 
imum twenty words; box number ads $1.00 per 
word. Copy deadline 7 weeks prior to publi- 
cation, e.g., for the March issue, copy should 
be received by the Ist of January. Full payment 
or institutional purchase order must accom- 
pany the copy for each ad. Ads received with- 
out a check or purchase order will be returned. 
Ad copy, subject to acceptance by publisher, 
should be mailed to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 





PRIVATE TUTORING AVAILABLE FOR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 





PAIN MANAGEMENT ANESTHESIOLOGIST 
Unique Opportunity for BC/BE anesthe- 
siologist with above-average clinical ability 
to join progressive group of young anes- 
thesiologists. Practice limited to pain man- 
agement. No OR or OB anesthesia. All pro- 
cedures for treatment of pain including 


Transphenoidal Pituitary Adenolysis and 
implantable reservoirs. Strong ancillary 
support services including full time psy- 
chologist. Applicant should possess a strong 
interest in regional anesthesia and desire 
one on one patient contact. Willing to train 
right individual. Excellent salary and ben- 
efits. Send CV to Steven D. Waldman, MD, 
8301 State Line, Kansas City, MO 64114. 


ANESTHESIOLOGIST 

Major Southeast, university-affiliated med- 
ical center is seeking anesthesiologists for 
cardiac, obstetric, and general anesthesia, 
preferrably board certified. Competitive 


compensation package. Reply to Box C6, % 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Co, Inc, 52 Van- 
derbilt Ave, New York, NY 10017. 


ANESTHESIOLOGIST WANTED 
University-trained BE/BC located in Central 
MA. Convenient to mountains, ocean, and 
cities. First year competitive salary leading 
to partnership. Reply to Box C7, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Co, Inc, 52 Vanderbilt 
Ave, New York, NY 10017. 


DIRECTOR OF CARDIOTHORACIC 
ANESTHESIOLOGY 


University department seeking Director of Car- 
diothoracic Anesthesiology with outstanding 
qualifications In clinical care, teaching, and re- 
search. To assume Clinical leadership and to 
develop a residency program In Cardiothoracic 
Anesthesiology. Qualified residents have re- 
quested a specialty year of training in 1985—86. 
More than 500 open-heart operations performed 
annually. 


Beard certification In Anesthesiology or equiva- 
left required. Faculty rank and salary commen- 
surate with training and experience. Excellent 
opportunity for professional development, with 
facilities for independent or collaborative re- 
search. 


Sénd curriculum vitae to: 


Ronald A. Gabei, M.D. 
Professor and Chairman 
Department of Anesthesiology 
University of Rochester Medical Center 
Rochester, NY 14642 


Thé University of Rochester is an equal opportunity employer. 


md 


UNIVERSITY OF CALIFORNIA 
SAN FRANCISCO 


Position available for Vice Chairman of the Department 
of Anesthesia-Chief of the Anesthesia Service at the 
San Francisco General Hospital. Must be board certi- 
fied in anesthesia, have demonstrated successful ad- 
ministrative, research, clinical and teaching experi- 
ence. San Francisco General Hospital Is one of the 
major teaching institutions of UCSF, and the individual 
would be responsible for the Anesthesia Service and 
serve as department liaison with the Hospital, Universl+ 
ty administration, and the City and County of San 
Francisco. California medical license or eligibility for 
licensure is required. Qualified women, minority candi- 
dates and handicapped individuals are encouraged to 
apply. 

Send correspondence and curriculum vitae and list of 
professional reference contacts to: 


Jack W. McAninch, MD 
Associate Professor of Urology 
San Francisco General Hospital 

3A20, 1001 Potrero Avenue 
San Francisco, CA 94110 
or Ronald D. Miller, MD 
Professor and Chairman 
Department of Anesthesia 
S 436, 513 Parnassus Avenue 
San Francisco, CA 94143 


Canadian Anaesthetists’ Society Journal 


An International Anaesthesia Journal publishing reports of investigation, clinical reports, review articles and other features. 


Published bi-monthly. 
With a Continuing Medical Education Section 


NOW ineach Journal issue! 

CME topics scheduled for 1985 

— Anaesthetic Considerations in the Burn Patient 
— Anaesthesia and the Aged 

— Calcium Channel Blockers 

— Haemodynamic Monitoring 

— Anaesthetic Circuits 

— Malignant Hyperthermia 


1985 Subscription Rates (Canadian Dollars) 


Pi An Annual Meeting Supplement is published as 
US Part II of each May issue. The Supplement con- 
tains refresher course outlines and abstracts of papers presented 
in the scientific programme of the Annual Meeticg of the Canadian 
Ansesthetists’ Society. 


L) Individual $55.00 [] Institutional $75.00 [] Air Mail (optional) $30.00 
Cl Payment Enclosed (J Bill to Credit Card Account C] VISA C MasterCard 


Account 


Name 
Address 


Exp. Date Signature 


Mail to: Canadian Ansesthetists’ Society Journal, 94 Cumberland Street, Suite 901, Toronto, Ontario, Canada MSR 1A3 











Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplastv 
for infertility. Finally, 5% hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique ‘‘hills 
and valleys’’ construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 lbs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, ‘‘sniffing’’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 
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THOMAS JEFFERSON UNIVERSITY 
IN HISTORIC PHILADELPHIA 


THE DEPARTMENT OF 
OTOLARYNGOLOGY AND THE OFFICE OF 
CONTINUING MEDICAL EDUCATION 


present 


THE USE OF THE CO2 LASER 
FOR HEAD AND NECK SURGERY 


at Jefferson Medical College 
Philadelphia, PA. 


A two day workshop given on the following dates: 
February 22-23, 1985 
April 19-20, 1985 


ANESTHESIOLOGISTS: 
e limited to 28 participants 
e 8 credit hours in Category | 
participation in Day | of each two day workshop 
e fee: $300.00 


OTOLARYNGOLOGISTS: 
e limited to 12 participants 
e 16 credit hours in Category | 
e participation in Day | and Day Il, including four (4) hours 
of laboratory exercises. 
e fee: $850.00 
Registration fee includes course syllabus, 
continental breakfasts, coffee breaks, luncheons 
and an evening banquet. 


For information regarding registration call: 
Office of Continuing Medical Education 
(215) 928-6992 


For information regarding course content call: 
LOUIS D. LOWRY, M.D., PROGRAM DIRECTOR 
STEVEN R. CHESNICK, M.D., CO-DIRECTOR 
AT (215) 928-6784 


tear out and mail to: 
THE USE OF THE CO2 LASER 
FOR HEAD AND NECK SURGERY 
Jefferson Medical College 
Office of Continuing Medical Education 
1025 Walnut Street e Philadelphia, PA. 19107 
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PAVULON“ 
(pancuronium bromide, injection ) 


BRIEF SUMMARY 
[Please consult package insert for full prescribing information.) 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 
FAMILIAR WITH ITS ACTIONS. CHARACTERISTICS, AND HAZ ARDS 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent possessing all of the 
characteristic pharmacological actions of this class of drugs (curariform) on the myoneural 
junction 

Pavulon (pancuronium bromide) is antagonized by acetylcholine. anticholinesterases. and 
potassium ion. Its action is increased by inhalational anesthetics such as halothane, diethyl ether, 
enflurane and methoxyflurane, as well as quinine, magnesium salts. hypokalemia. some carcin- 
omas, and certain antibiotics such as neomycin, streptomycin, clindamycin, kanamycin, gentami- 
cin and bacitracin The action of Pavulon may be altered by dehydration, electrolyte imbalance 
acid-base imbalance. renal disease, and concomitant administration of other neuromuscular 
agents 


CONTRAINDICATIONS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug or to the bromide ton 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS. WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION 
OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of Pavulon may have 
profound effects A peripheral nerve stimulator is especially valuable in assessing the effects of 
Pavulon in such patients 


USAGE IN PREGNANCY: The safe use of pancuronium bromide has not been established with respect 
to the possible adverse effects upon fetal development. Therefore, it should not be used in women 
of childbearing potential and particularly during early pregnancy unless in the judgment of the 
physician the potential benefits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean section). but reversal of pancuronium 
may be unsatisfactory in patients receiving magnesium sulfate for toxemia of pregnancy. because 
magnesium salts enhance neuromuscular blockade Dosage should usually be reduced, as 
indicated, in such cases 


PRECAUTIONS: Although Pavulon has been used successfully in many patients with pre-existing 
pulmonary, hepatic, or renal disease, caution should be exercised in these situations This ts 
particularly true of renal disease since a major portion of administered Pavulon is excreted 
unchanged in the urine 


ADVERSE REACTIONS: Neuromuscular the most frequently noted adverse reactions consist pri- 
marily of an extension of the drug's pharmacological actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory insufficiency or apnea Inadequate reversal of 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavulon 
(pancuronium bromide) as with all curariform drugs These adverse reactions are managed by 
manual or mechanical ventilation until recovery is judged adequate 

Cardiovascular A slight increase in pulse rate is frequently noted 

Gastrointestinal Salivation is sometimes noted during very light anesthesia, especially if no 
anticholinergic premedication is used 

Skin. An occasional transient rash is noted accompanying the use of Pavulon 

Respiratory One case of wheezing. responding to deepening of the inhalational anesthetic. has 
been reported 


DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon ts increased in 
patients receiving potent volatile inhalational anesthetics such as halothane, diethyl ether, 
enflurane and methoxyflurane 

Prior administration of succinylcholine, such as that used for endotracheal intubation. 
enhances the relaxant effect of Pavulon and the duration of action If succinylcholine is used 
before Pavulon, the administration of Pavulon should be delayed until the succinylicholine shows 
signs of wearing off 


DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the supervision of 
experienced clinicians DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See package insert for 
suggested dosages 

CAUTION: Federal law prohibits dispensing without prescription 


HOW SUPPLIED: 
2 mi. ampuls—2 mg /ml —boxes of 25, NDC 20052-0444 -26 
5 ml. ampuls—2 mg./ml —boxes of 25, NDC +0052-0444-25 
10 mi. vials—1 mg./ml —boxes of 25, NDC +0052-0443-25 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
West Orange, N.J. 07052 


OR-5089 
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pancuronium bromide injection 


Your best choice for 60-plus minutes of dependable relaxation... 
in every type of patient 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
Please see preceding page for brief summary of prescribing information. 


If You Place Catheters in the Internal 
Jugular Vein, You Should Read This. 


The COOK Micropuncture™ system has been designed to allow the insertion of conventional 
pressure monitoring catheters using a 22 gage needle rather than the standard 18 gage. This is 
made possible by the unique characteristics of the new .018 inch diameter COR-FLEX ™ wire guide 
which is provided with each COOK Micropuncture™ set and tray. 


Until now, an 18 gage needle has been the standard needle used for establishing a pressure 
monitoring line because it is the smallest needle which allows a .035 inch diameter guide to pass 
through it. Now that the .018 inch diameter COR-FLEX ™ guide has been developed, a 22 gage 
needle—preferred because of its smaller size—can be used instead. The COOK Micropuncture™ 
22 gage needle is a standard thinwall lancet beveled needle with a translucent hub for visuali- 
zation of blood flashback. ; 


Before the COR-FLEX ™ guide, a .035 inch diameter wire guide was re- 

quired because it provided the rigidity necessary to properly support 
-and lead standard catheters. Smaller wire guides were too flexible 

to use for inserting pressure monitoring catheters larger than 

18 gage (4 French). Now, the COR-FLEX ™ wire guide offers 

the same characteristics as the .035 inch diameter guide 

yet is only .018 inch in diameter. The COR-FLEX ™ guide 

consists of a solid stainless steel mandril with a 

safety wire constructed spring coil soldered to 

each end. The solid steel mandril approxi- 

mates the rigidity of the .035 inch diame- 

ter wire guide while also providing 

smaller and more flexible tips. 


The COOK Micropuncture™ 

system is available with needles 

and wire guides in standard lengths, 

and with standard-length catheters that 

have longer, more graduated tapers for 

making smoother, less traumatic entry. The 

technique for introduction of Micropuncture™ 

catheterization equipment is the standard Seldinger 
approach. 


P.O. Box 489 | COOK” 
aats | CRITICAL CARE 


A Division of Cook Incorporated 


© COPYRIGHT COOKINCORPORATED 1985 
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Regonol 2 


(pyridostigmine <= 
bromide injection, JSA 
when compared to neostigmine 


L Clinically fewer side effects, 

C Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

L1 Wide margin of safety’? 
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BRIEF SUMMARY— (Please consult full pac kago nsert 


enclosed in every package, before using Regono!) 


INDICATIONS—Fyridostigmine bromide is useful as a rever- 
sal agent or antagonist to nondepolarizing muscle relaxants 
CONTRAINDICATIONS— Known hypersensitivity to anticho- 
inesterase agerts: intestinal and urinary obstructions of 
mechanical type 
WARNINGS—Pyricostigmine bromide should be used with 
particular caution in patients with bronchial asthma or cardiac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate Atropine should also be used with 
Caution in patierts with cardiac dysrhythmias. When large 
doses of pyridostigmine bromide are administered, as during 
reversal of muscle relaxants. prior or simultaneous injection of 
atropine sulfate s advisable. Because of the possibility of 
hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily available 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical judgement, respiratory 
measurements and observation of the effects of peripheral 
nerve stimulatior If there is any doubt concerning the ade- 
Quacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should be continued unti 
all doubt has been removed 


Use in Pregnancy—tThe safety of pyridostigmine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible 
hazards to mother and child 


ADVERSE REACTIONS —The side effects of pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties, Muscarinic and nicotinic. Among 
those in the former group are nausea, vomiting, diarrhea, 
abdominal cramps, increased peristalsis, increased saliva- 
tion, increased Cronchial secretions, miosis and diaphoresis 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 
can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash may be 
seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Throm- 
bophliebitis has been reported subsequent to intravenous 
administration 


DOSAGE AND ADMINISTRATION— When pyndosngming 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs, i is recommended that atropine sulfate (0.6 to 

1.2 mg) or glycooyrrolate in equipotent doses be given intra- 

venously immediately prior to or simultaneous with its admin- 

istration. Side effects, notably excessive secretions and 
bradycardia, are thereby minimized. Reversal dosages range 
from 0.1-0.25 mg./kg. Usually 10 or 20 mg. of pyridostigmine 
bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may 

occur within 15 minutes in most patients, others may require a 

half hour or more. Satisfactory reversal can be evident by ade- 

quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal! respiration is 
assured. Once satisfactory reversal has been attained 
recurarization has not been reported 

Failure of pyridcstigmine bromide to provide prompt (within 

30 minutes) reversal may occur, e.g., in the presence of 
extreme debilitation, carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents 
notably ether. Uncer these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
control of his respiration 

HOW SUPPLIED—Regono! is available in 

5mg_/ml.: 2 ml. ampuls—boxes of 25—NDC-0052-0460-02 

5 ml. vials—boxes of 25—NDC-0052-0460-05 
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1. Gyermek L: Clinical studies on the reversal of the neuro- 
muscular blockade produced by pancuronium bromide. 1 
The effects of glycopyrrolate and pyridostigmine Curr Ther 
Res 18:377-386, 1975 

2. Ravin MB: Pyridostigmine as an antagonist of d-tubo- 
Curanrine-induced and pancuronium-induced neuromus- 
cular blockace. Anesth Analg— Curr Res 54:317-321, 1975 
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ItCan Make The Critical Difference 
NEUROTRAC 


For early detection of neurological change 
A cerebral activity monitor should be in your operating room, 
recovery room, or any critical care area. Now it can be. NEUROTRAC 
is the most convenient device ever developed to accurately monitor 
cerebral activity. Using easily interpreted processed EEG, NEUROTRAC 
allows you to detect changes in EEG which can be caused by ischemia 
or other factors, thereby providing added protection. NEUROTRAC is in 
routine use on a worldwide basis during: 

C] carotid endarterectomy è 
[] cardiopulmonary bypass 
[] induced hypotension 
[] barbiturate coma 
|_] other conditions which could result in cerebral hypoxia 


NEUROTRAC is the system that FITS: 


Your Needs. NEUROTRAC’S automatic printout and multiple display 
formats supply the right information in the right form for you. 


Neurotrac’s somatosensory evoked potential option allows assessment 
of the functional integrity of neural pathways in orthopedic and 
neurosurgical procedures. 

Your space. NEUROTRAC’S compact size fits easily into the OR or ICU. 
Your budget. NEUROTRAC provides critical information at substantially 
less cost than conventional EEG. 


For more information, contact Interspec today. 
800 - 332-3246; in PA, 215-834-1511 or write: INTERSPEC, INC. 
1100 E. Hector Street, Conshohocken, PA 19428 Telex 754990 


INTERSPEC: Making High Technology Practical mterseec 
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REVERSES NARCOTIC-INDUCED DEPRESSION, YET MAINTAINS EFFECTIVE ANALGESIA 


NARCAN |: « 


Naloxone HCI. sien 


10-ml vial 


Following narcotic-supplemented anesthesia, 
a gradual upward titration with NARCAN® 
(naloxone HCI) helps achieve the desired degree of 
narcotic reversal, allowing adequate ventilation 
and alertness without significant pain or discomfort. 
By restoring the patient's protective reflexes, 
NARCAN reduces the risk of postanesthetic compli- 
cations. Patients can often leave recovery sooner 
and be returned to their rooms—a practical advantage 
both for the patient's concerned family or friends 
and for the busy medical staff. 

For initial reversal of postoperative respiratory 
depression in adults, NARCAN (0.4 mg/ml) should 
be injected in increments of 0.1 to 0.2 mg (1/4 tol/2 ml) 
intravenously at two- to three-minute intervals. 

The duration of action of some narcotics exceeds 
that of NARCAN. It is important, therefore, 

to monitor patients carefully and give repeated doses 
of NARCAN as needed. 

NARCAN (0.4 mg/ml) is available in 1-ml am- 
puls and 10-ml vials. Also available, NARCAN® 
NEONATAL INJECTION (naloxone hydrochloride). 
Each 2-ml ampul contains 0.02 mg/ml. 


For brief summary of prescribing information, see next page. 
© 1985 Du Pont Pharmaceuticals, Inc. 


Du Pont Pharmaceuticals, Inc. 
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NARCAN' naloxone HCI 


There’s no substitute for proven performance 


NARCAN= INJECTION 
NARCAN® NEONATAL INJECTION (naloxone hydrochloride) 
Narcotic Antagonist 
Brief Summary of Prescribing Information 
INDICATIONS AND USAGE NARCAN is indicated for the complete or partial reversal of narcotic 
depression, including respiratory depression, induced by Opioids including natural and synthetic 
narcotics, propoxyphene, methadone and the narcotic-antagonist analgesics nalbuphine, pen- 
tazocine and butorphanol. NARCAN is also indicated for the diagnosis of suspected acute opioid 
overdosage. 
CONTRAINDICATIONS NARCAN is contraindicated in patients known to be hypersensitive to it 
WARNINGS NARCAN should be administered Cautiously to persons including newborns of 
mothers who are known or suspected to be physically dependent on opioids In such cases an 
abrupt and complete reversal of narcotic effects may precipitate an acute abstinence syndrome 

The patient who has sotisfactorily responded to NARCAN should be kept under continued 
Surveillance and repeated doses of NARCAN should be administered. as necessary, since the 
duration of action of some narcotics may exceed that of NARCAN 

NARCAN is not effective against respiratory depression due to non-opioid drugs 
PRECAUTIONS In addition to NARCAN, other resuscitative measures such as maintenance of a 
free airway, artificial ventilation, cardiac massage, and vasopressor agents should be available 
and employed when necessary to counteract acute narcotic poisoning 

Several instances of hypotension, hypertension, ventricular tachycardia and fibrillation. and 
pulmonary edema have been reported. These have occurred in postoperative patients most of 
whom had pre-existing cardiovascular disorders or received other drugs which may have similar 
adverse cardiovascular effects. Although a direct cause and effect relationship has not been 
established, NARCAN should be used with caution in patients with pre-existing cardiac disease or 
patients who have received potentially cardiotoxic drugs 
Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity and mutagenicity stud- 
ies have not been performed with NARCAN Reproductive studies in mice and rats demonstrated 
no impairment of fertility 
Use in Pregnancy: Pregnancy Category B: Reproduction studies performed in mice and rats at 
doses up to 1,000 times the human dose, revealed no evidence of impaired fertility or harm to the 
fetus due to NARCAN. There are. however no adequate and well controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human response, 
NARCAN should be used during pregnancy only if clearly needed 
Nursing Mothers: It is not known whether NARCAN is excreted in human milk Because many 
drugs are excreted in human milk, caution should be exercised when NARCAN is administered to 
o aes woman 
ADVERSE REACTIONS Abrupt reversal of narcotic depression may result in nausea, vomiting 
sweating, tachycardia, increased blood pressure, and tremulousness. In postoperative patients, 
larger than necessary dosage of NARCAN may result in Significant reversal of analgesia, and in 
excitement. Hypotension, hypertension, ventricular tachycardia and fibrillation, and pulmonary 
edemo have been associated with the use of NARCAN postoperatively (see PRECAUTIONS & 
USAGE IN ADULTS—POSTOPERATIVE NARCOTIC DEPRESSION). Seizures have been reported to 
occur infrequently after the administration of naloxone: however. a causal relationship has not 
been established 
OVERDOSAGE There is no clinical experience with NARCAN overdosage in humans 

In the mouse and rat the intravenous LDso is 150 + 5 mg/kg and 109 + 4 mg/kg respectively 
In acute subcutaneous toxicity studies in newborn rats the L 50 (95% CL) is 260 (228-296) 
ma/kg, Subcutaneous injection of 100 mg/kg/day in rats for 3 weeks produced only transient 
Salivation and partial ptosis following injection: no toxic effects were seen at 10 mg/kg/day for 
3 weeks 
DOSAGE AND ADMINISTRATION NARCAN may be administered intravenously, intramuscularly, 
or subcutaneously. The most rapid onset of action is achieved by intravenous administration and 
it is recommended in emergency situations 

Since the duration of action of some narcotics may exceed that of NARCAN the patient should be 
kept under continued surveillance and repeated doses of NARCAN should be administered, as 
necessary 
Intravenous Infusion NARCAN may be diluted for intravenous infusion in normal saline or 5% 
dextrose solutions The addition of 2 mg of NARCAN in 500 ml of either solution provides a 
concentration of 0.004 mg/mi. Mixtures should be used within 24 hours. After 24 hours. the 
remaining unused solution must be discarded. The rate of administration should be titrated in 
accordance with the patient's response 

Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. NARCAN should not be mixed 
with preparations containing bisulfite, metabisulfite, long-chain or high molecular weight 
anions, or any solution having an alkaline pH. No drug or chemical agent should be added to 
NARCAN unless its effect on the chemical and physical stability of the solution has first been 
established 
USAGE IN ADULTS Narcotic Overdose—Known or Suspected An initial dose of 0 4 mg to 2 mg of 
NARCAN may be administered intravenously. If the desired degree of counteraction and improve- 
ment in respiratory functions is not obtained, it may be repeated at 2 to 3 minute intervals If no 
response is observed after 10 mg of NARCAN have been administered. the diagnosis of narcotic 
induced or partial narcotic induced toxicity should be questioned. Intramuscular or sub- 
cutaneous administration may be necessary if the intravenous route is not available 
Postoperative Narcotic Depression For the partial reversal of narcotic depression following the 
use Of narcotics during surgery, smaller doses of NARCAN are usually sufficient The dose of 
NARCAN should be titrated according to the patients response. For the initial reversal of 
respiratory depression, NARCAN should be injected in increments of 0.1 to 0 2 mg intravenously 
at two to three minute intervals to the desired degree of reversal, | e., adequate ventilation and 
alertness without significant pain or discomfort Larger than necessary dosage of NARCAN may 
result in significant reversal of analgesia and increase in blood pressure. Similarly, too rapid 
reversal may induce nausea, vomiting, sweating or circulatory stress 

Repeat doses of NARCAN may be required within one or two hour intervals depending upon the 
amount, type (i.e., short or long acting) and time interval since last administration of narcotic 
Supplemental intramuscular doses have been shown to produce a longer lasting effect 
USAGE IN CHILDREN Narcotic Overdose—Known or Suspected The usual initial dose in 
children is 0.01 mg/kg body weight given | V. If this dose does not result in the desired degree of 
Clinical improvement, a subsequent dose of 0.1 mg/kg body weight may be administered. If an 
|.V. route of administration is not available, NARCAN may be administered I.M. or S.C in divided 
doses. If necessary, NARCAN can be diluted with sterile water for injection 
Postoperative Narcotic Depression Follow the recommendations and cautions under Adult 
Postoperative Depression. For the initia! reversal of respiratory depression NARCAN should be 
injected in increments of 0.005 mg to 0.01 mg intravenously at two to three minute intervals to the 
desired degree of reversal 
USAGE IN NEONATES Narcotic-Induced Depression The usual initial dose is 0 01 mg/kg body 
weight administered I.V., I.M., or S.C. This dose may be repeated in accordance with adult 
administration guidelines for postoperative narcotic depression 
HOW SUPPLIED—NARCAN (naloxone hydrochloride) for intravenous. intramuscular and sub- 
Cutaneous administration is available as 
0.4 mg/ml 1 mi ampul—box of 10 NDC 0590-0365-10 
| ml disposable prefilled syringe—box of 10 NDC 0590-0365-15 
10 mi vial—box of 1 NDC 0590-0365-05 
1.0 mg/ml 2 ml ampul—box of 10 NDC 0590-0368-10 
0.02 mg/ml (NARCAN NEONATAL) 2 mi ampul—box of 10 NDC 0590-0367-10 
Store at controlled temperature (59°-86°F. 15°-30°C) 
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Du Pont Pharmaceuticals, Inc. 
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A Valuable Source of Informatior 
on Diagnostic Imaging: 


‘=i 


THE JOURNAL OF 


COMPUTED 
TOMOGRAPHY 


Editor-in-Chief: Franklin L. Angell, M.D., 
Chairman, Department of Radiology, Mercy 
Hospital, Baltimore, Maryland 





A quarterly publication, CT: The Journal of 
Computed Tomography highlights advances 
in the clinical application of imaging modalities. 
Articles by leading radiologists compare the cost- 
effectiveness, diagnostic yield, and appropriate- 
ness of the various imaging techniques (plain film 
ultrasound, nuclear medicine, NMR. and angio- 
graphy) to diagnose disease in the head and body. 
Issues include 


è case reports 

e book reviews 

e abstracts from the literature 

e meeting and conference announcements. 


CT is an important news source and essential 
reading for physicians who use diagnostic 
imaging. 

1985 Subscription Information 

Volume 9 (4 issues ) 

Institutional Rate: $104.00 Personal Rate $52.00 

For air delivery in the U.S.A., Canada. or Mexico, add 
$12.00. Subscribers outside the U.S.A. should add $9.00 for 
surface delivery (not available to Europe ); $10.00 for sur- 
face air lift delivery to Europe; or $26.00 for air delivery to 
the rest of the world. Subscribers in Japan must add $14.50 
for delivery (via surface air lift only ). 

For a free sample copy, send to: 


in North and South America: 

Elsevier Science Publishing Co., Inc. 

P.O. Box 1663 

Grand Central Station 

New York, NY 10163 

in the rest of the world: 

Elsevier Science Publishers 

Direct Mail Department 

P.O. Box 211 

1000 AE Amsterdam 

The Netherlands 

Note: All subscription orders should be sent 
either to your usual supplier or to the New 
York address. 


ELSEVIER 


All subscriptions begin with the first issue of the calendar 
year. Personal subscriptions must be prepaid. Subscrip- 
tion rates valid through December 31, 1984. 











Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique “‘hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in One area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 





The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 lbs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, ‘‘sniffing’’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 





An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 
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More Predutabhe Contro 
fom Induction Tough Hecovery 


COMPARED WITH ISOFLURANE ~ 


e Superior hemodynamic stability 

¢ Shorter recovery times 

- Better maintenance of postoperative analgesia 
e Lower total cost per procedure 





*In a comparative study"? of patients undergoing major orthopedic 
surgery who received either SUFENTA-N,O (n=10) or isoflurane-N,O (n=10). 


1. Scientific Exhibit, Sufentanil vs. Isoflurane in Major Orthopedic 
Procedures (Fahmy NR, Principal Investigator), March 1983. 


2. Fahmy NR, Beemer GH, Roberts JT. Symposium Report, Advances 
in Anesthesia, a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 


COMPARED WITH FENTANYL 


«Smoother, more rapid induction 

e Smoother, more stable intraoperative course 

- Faster, more comfortable recovery 

e More effective blocking of surgical stress response 
. Superior hemodynamic stability 

- Smaller volume of injection 

e Lower total cost per procedure 


3. Smith NT, Dec-Silver H, Harrison WK, et al: ASA Abstract, 
Anesthesiology (Suppl) 57: A291, 1982. 

4. Flacke JW Bloor BC, Flacke WE, et al: Comparative Effects of 
Sufentanil and Fentanyl Versus Meperidine and Morphine in 
Balanced Anesthesia. Symposium Report, Advances in Anesthesia, 
a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 


For complete Product Information, please see next page. JPI-514 
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SUFENTA 


. . ° e 
(sufentanil citrate) Injection 0 
CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION 
SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-[4-(methoxymethyl)-1- 
[2-(2-thienyl)ethyl]-4-piperidinyl]-N-phenylpropanamide 2-hydroxy-1,2.3-propanetricarboxylate (1:1) 


SUFENTA ıs a sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 xg per 
mi of sufentanil base for intravenous injection. The solution has a pH range of 35-75 


CLINICAL PHARMACOLOGY 

SUFENTA is an opioid analgesic. SUFENTA is approximately 5 to 7 times as potent as fentanyl (Dosage 
requirements for equianalgesic effect will be 15-17 those of fentanyl on a mg/kg basis.) At doses of up to 
8 «g/kg, SUFENTA provides profound analgesia; at doses =8 g/kg. SUFENTA produces a deep level of 
anesthesia. SUFENTA produces a dose related attenuation of catecholamine release. particularly norepi- 
nephrine. 


The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time 
of 0.72 minutes, redistribution of 137 minutes and an elimination half-life of 148 minutes. The liver and small 
intestine are the major sites of biotransformation. Approximately 80% of the administered dose is excreted 
within 24 hours and only 2% of the dose is eliminated as unchanged drug, Plasma protein binding of SUFENTA 
IS approximately 92.5%. 


SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
Storage sites allows for relatively more rapid recovery as compared with fentanyl. At dosages of SUFENTA of 
1-2 g/kg, recovery times are comparable to those observed with fentanyl, at dosages of >2-6 1ug/kg, 
recovery times are comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 
8-30 ug/kg of SUFENTA, recovery times are more rapid compared to equipotent fentanyl dosages. 


At dosages of >8 wg/kg, SUFENTA produces hypnosis and anesthesia without the use of additional 
anesthetic agents. A deep level of anesthesia is maintained at these dosages, as demonstrated by EEG 
patterns. Dosages of up to 25 g/kg attenuate the Sympathetic response to surgical stress. The catechola- 
mine response, particularly norepinephrine, is further attenuated at doses of SUFENTA of 25-30 419/kg, with 
hemodynamic stability and preservation of favorable myocardial oxygen balance. 


The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate during 
SUFENTA-oxygen anesthesia. The vagolytic effect of pancuronium may be reduced in patients administered 
nitrous oxide with SUFENTA. The use of moderate doses of pancuronium or of a less vagolytic neuromus- 
cular blocking agent may be used to maintain a stable lower heart rate and blood pressure during 
SUFENTA-oxygen anesthesia 


Preliminary data suggest that in patients administered high doses of SUFENTA. initial dosage requirements for 
neuromuscular blocking agents are generally lower as compared to patients given fentany! or halothane, and 
comparable to patients given enflurane. 


Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous 
Oxide with high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output. 


Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels 
and no indication of histamine release. 


SUFENTA at 20 g/kg has been shown to provide more adequate reduction in intracranial volume than 
equivalent doses of fentanyl, based upon requirements for furosemide and anesthesia supplementation 
in one study of patients undergoing craniotomy. During carotid endarterectomy, SUFENTA produced EEG 
patterns and reductions in cerebral blood flow and Oxygen utilization comparable to those of fentanyl 


The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a slight reduction in 
systemic vascular resistance during the initial postoperative period. The incidence of postoperative 
hypertension, need for vasoactive agents and requirements for postoperative analgesics are generally 
reduced in patients administered moderate or high doses of SUFENTA as compared to Patients given 
inhalation agents 


Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when SUFENTA is used at Sub-anesthetic dosages. At high doses, a 
pronounced decrease in pulmonary exchange and apnea may be produced. 


INDICATIONS AND USAGE 

SUFENTA (sufentanil citrate) is indicated: 

aS an analgesic adjunct at dosages of up to 8 49/kg in the maintenance of balanced general anesthesia 
aS a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients 
undergoing major surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the 


Sitting position, to provide favorable myocardial and cerebral oxygen balance or when extended postoperative 
ventilation is anticipated 


CONTRAINDICATIONS 
SUFENTA is contraindicated in patients with known hypersensitivity to the drug. 


WARNINGS 
SUFENTA should be administered only by persons specifically trained in the use of intravenous 
anesthetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence can be reduced 
by: 1) administration of up to sof the full paralyzing dose of a non-depolarizing neuromuscular blocking agent 
Just prior to administration of SUFENTA at dosages of up to 8 19, Kg. 2) administration of a full paralyzing dose 
of a neuromuscular blocking agent following loss of eyelash reflex when SUFENTA is used in anesthetic 
dosages (above 8 ,.g/kg) titrated by slow intravenous infusion. or 3) simultaneous administration of SUFEN 
and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA is used in rapidly administered 
anesthetic dosages (above 8 1.g/kg) 


The neuromuscular blocking agent used should be compatible with the patients cardiovascular Status. 
Adequate facilities should be available for postoperative monitoring and ventilation of patients adnnistered 
anesthetic doses of SUFENTA. It is essential that these facilities be fully equipped to handle all degrees of 
respiratory depression. 


PRECAUTIONS 
The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated patients. The effect of 
the initial dose should be considered in determining supplemental doses 


Vital signs should be monitored routinely 


Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY) 


High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia 
Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to 
atropine 


Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries 


Impaired Respiration: SUFENTA should be used with Caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids May additionally 
decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by opioid analgesics can be reversed by 
Op.wid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the Opioid antagonist action. appropriate surveillance should be 
maintained. 


Impaired Hepatic or Renal Function: in patients with liver or kidney dysfunction, SUFENTA should be 
ott with caution due to the importance of these Organs in the metabolism and excretion of 
UFENTA 


Drug Interactions: An additive effect with SUFENTA may be exhibited in patients receiving barbiturates, 
tranquilizers, other opioids, general anesthetics or other CNS depressants. In such cases of combined 
treatment, the dose of one or both agents should be reduced. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that single 
intravenous doses of SUFENTA as high as 80 ug/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating test 
also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 





Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 28 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 
prolonged administration of the drug. 

No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits 
There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 

Labor and Delivery: There are insufficient data to Support the use of SUFENTA in labor and delivery 
Therefore, such use is not recommended. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to 2 nursing woman. 
Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing 
Cardiovascular surgery has been documented in a limited number of Cases. 

Animal Toxicology: The intravenous LD,, of SUFENTA is 168 to 180 mg/kg in mice, 11.8 to 13.0 mg/kg in 
guinea pigs and 101 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results 
ADVERSE REACTIONS 

The most common adverse reactions of Opioids are respiratory depression and skeletal muscle rigidity. See 
CLINICAL PHARMACOLOGY. WARNINGS and PRECAUTIONS on the management of respiratory depression 
and skeletal muscle rigidity. 

The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were: 
hypotension (7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%) 

Other adverse reactions with a reported incidence of less than 1% were: 

Cardiovascular: tachycardia, arrhythmia 

Gastrointestinal: nausea. vomiting 

Respiratory: apnea. postoperative respiratory depression, bronchospasm 

Dermatological: itching 

Central Nervous System: chills 

Miscellaneous: intraoperative muscle movement 

DRUG ABUSE AND DEPENDENCE 

SUFENTA (sufentanil citrate) is a Schedule II controlled drug substance that can produce drug dependence of 
the morphine type and therefore has the potential for being abused 

OVERDOSAGE 

Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA (see CLINICAL 
PHARMACOLOGY) as with other potent opioid analgesics. However. no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LD5 of SUFENTA in male rats is 9.34 to 
12.5 mg/kg (see ANIMAL TOXICOLOGY for LDso$ in other species). Intravenous administration of an opioid 
antagonist such as naloxone should be employed as a specific antidote to manage respiratory depression 
The duration of respiratory depression fol lowing overdosage with SUFENTA may be longer than the duration of 
action of the opioid antagonist. Administration of an Opioid antagonist should not preclude more immediate 
countermeasures. In the event of overdosage, oxygen should be administered and ventilation assisted or 
controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a nasopharyn- 
geal airway or endotracheal tube may be indicated. If depressed respiration is associated with muscular 
ngidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respiration. 
Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures may be 
employed 

DOSAGE AND ADMINISTRATION 

The dosage of SUFENTA should be individualized in each case according to body weight, physical status, 
underlying pathological condition, use of other drugs. and type of surgical procedure and anesthesia. In obese 
patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be determined on the 
basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see PRECAUTIONS). 


Vital signs should be monitored routinely, 


See dosage range chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 4uQ/kQ as an 
analgesic adjunct to general anesthesia, and 2) in doses >8 19/kg as a primary anesthetic agent for induction 
and maintenance of anesthesia with 100% oxygen 

Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age 
undergoing cardiovascular surgery, an anesthetic dose of 10-25 4Q/kg administered with 100% oxygen is 
generally recommended. Supplemental dosages of up to 25-50 ag are recommended for maintenance, based 
on response to initial dose and as determined by changes in vital signs indicating surgical stress or lightening 
of anesthesia. 

Premedication: The selection of preanesthetic medications should be based upon the needs of the individual 
patient 

Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with 
the patient's condition, taking into account the hemodynamic effects of a particular muscle relaxant and 
the degree of skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY. WARNINGS and 
PRECAUTIONS). 




























ADULT DOSAGE RANGE CHART 
MAINTENANCE DOSAGE 


10-25 ug (0.2-0.5 ml): as needed when move- 
ment and/or changes in vital signs indicate 
Surgical stress or lightening of analgesia Sup- 
plemental dosages should be individualized and 
adjusted to the remaining operative time antici- 
pated 


TOTAL DOSAGE 


1-2 g/kg: administered with nitrous oxide oxy 
gen in patients undergoing general surgery in 
which endotracheal intubation and mechanical 
ventilation are required 


2-8 ug/kg: administered with nitrous oxide Oxy 
gen in patients undergoing more complicated 
major surgical procedures. At dosages in this 
range. SUFENTA has been shown to provide 
some attenuation of sympathetic reflex activity 
In response to surgical stimuli, provide hemo- 
dynamic stability and provide relatively rapid 
recovery 


8-30 mg/kg: (anesthetic doses) administered 
with 100% oxygen and a muscle relaxant 
SUFENTA has been found to produce sleep at 
dosages =8 g/kg and to maintain a deep level 
Of anesthesia without the use of additional 
anesthetic agents At dosages in this range of up 
to 25 «g/kg. catecholamine release is atten 
uated Dosages of 25-30 wg/kg have been 
shown to block sympathetic responses includ- 
ıng Catecholamine release High doses are ind) 
cated in patients undergoing major surgical 
procedures, such as cardiovascular surgery 
and neurosurgery in the sitting position with 
maintenance of favorable myocardial and cere 
bral oxygen balance Postoperative mechanical 
ventilation and observation are essential at 
these dosages due to extended postoperative 
respiratory depression 

























25-50 ug (0.5-1 ml): as determined by changes 
in vital Signs that indicate stress or lightening of 
analgesia. Supplemental dosages should be 
individualized. and adjusted to the remaining 
operative time anticipated 






















25-50 ug (0.5-1 ml): as determined by changes 
in vital Signs that indicate stress and lightening 
of anesthesia 















In patients administered high (anesthetic) doses of SUFENTA. ıt IS essential that qualified personnel and 
adequate facilities are available for the management of postoperative respiratory depression 

Also see WARNINGS and PRECAUTIONS sections 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration. whenever solution and container permit 

HOW SUPPLIED 

SUFENTA (sufentanil citrate) Injection for intravenous use is available as 

NDC 50458-050-01 50 ug/ml, 1 mI ampoules in packages of 10 

NDC 50458-050-02 50 s.g/ml. 2 mi ampoules in packages of 10 

NDC 50458-050-05 50 ng/ml. 5 mi ampoules in packages of 10 

Protect from light. Store at room temperature 
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UNIQUE METABOLISM 
PROVIDES BETTER PREDICTABILITY, 
ALLOWING BETTER CONTROL 
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ESTER HYDROLYSIS 
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nonspecific 
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O Tracrium* Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


(1) Hofmann elimination—a nonenzymatic process that 
occurs at physiologic temperature and pH 


(2) Ester hydrolysis—catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required ° 


These attributes make Tracrium a more flexible sur- 


gical muscle relaxant—it may be tailored to a wide 
variety of surgical cases. 


‘Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion.”’ 


‘At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH."2 


Convenient and Ready to Use 
Tracrium is easily administered —requires 
no premixing. ‘ 





Few Cardiovascular Effects 
at Recommended Dosages 


O Tracrium* (atracurium besylate) produces virtually 

no Clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels—a significant benefit in patients with compro- 
mised Cardiac ability or cardiac risk. 


Cardiovascular effects of atracurium 








Dosage Mean Blood Pressure (% control) N Dosage Mean Heart Rate (% control) 
(mg/kg) Values + SD (mg/kg) Values + SD 











Adapted from Basta et al.3 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


O Repeated equipotent doses of Tracrium, admin- 
_ istered at equal points of recovery, have no cumulative 
effect on recovery time 


O Once recovery begins, it is relatively rapid and 
independent of dose 


O This means that you do not have to calculate pro- 
gressively smaller doses for repeat administration, and 
that recovery is more consistent and predictable 


“One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 25%-75% recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative... .”7 


Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


© Clinically significant histamine release occurs well 
within the clinical dosage range (at EDəs) for curare, 
at the upper limits of the clinical dosage range 

(at 2 x EDgs) for metocurine and outside the clinical 
dosage range (at 3 x EDgs) for atracurium4 


O The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 


REFERENCES: 

1. Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: Anew 
intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
2. Katz AL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
Anesth Analg 1982; 61:730-734. 

3. Basta SJ, Ali HH, Savarese JJ, et al: Clinical pharmacology of atracurium besylate 
(BW 33A): A new non-depolarizing muscle relaxant. Anesth Analg 1982; 61:723-729. 
4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 1982;57:A261. 
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Forane (isoflurane) 


The Versatile Anesthetic 





A hypotensive agent for craniotomy and clipping of aneurysms 


Isoflurane may be used as both anesthetic os% 4% 2% 0.25% 0.9% 
and hypotensive agent, providing for pre- Se 2S SOR ee ee ee 


cise control of blood pressure throughout iii 
procedures such as clipping of cerebral 


Lo 

aneurysms. ! 
Blood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean blood pressure during the 
normotensive period was 70 mm Hg and 40 mm Hg during the 
hypotensive phase. ! 


Control of intracranial pressure for craniotomy 
and excision of space-occupying lesion 


Isoflurane causes no increase in intracranial pressure (ICP) when 
PaCoO, is controlled at 25-30 torr, and ICP may be readily lowered 
during surgery by decreasing PaCO..? 






































1 i Tr fh i ith either isofl haloth 
Control of hypertension during ahsthesia In patients undergoing Coronary artery bypass Surgen 
coronary artery bypass surgery RPS A E O a: 
; ‘ i Mean arterial pressure Systemic vascular resistance 
Control of intraoperative hypertension may (mmHg) (dynes-sec-cm*) 
. . . . 1307 | i 13 2500 5 r — ——— 
be achieved with isoflurane by lowering | | 
peripheral vascular resistance (left ventric- a- : f 
ular afterload) generally without depress- no Fis 1 | FA , 
s 5 . 4 2000 ~ vA ~N = 
ing stroke volume or increasing heart rate. 100 + o 4 i? i. | 
. . . , AE > 
These effects can be of particular benefit in ot | E 
x š 3 ' 4 N -3 
patients with compromised left ventricular rales vg ae | 
function. Halothane is equally effective in F | | | 
° . . © . pe $ 
lowering blood pressure without increasing | I 
heart rate, but it decreases stroke volume. a a E i i 
an — ir i a- a sh ia ae 
ee Pretreatment (fentanyl, flunitrazepam, pancuronium) 
° Treatment with isoflurane 
a EE ESEE Treatment with halothane 
Stroke volume index Heart rate 
(ml/m?) (beats/min) 
: — 150 Ia T 1 
40 4 | 
| 100 7 3 
ko. a = pe el 
30 = Pg mee a] haa fi ee 
oo es 
‘ee 50 4 
20 4 `o - 
r t 7 0 J SS 











control hypertension treatment control] hypertension treatment 
NS NS 0.01 NS NS NS 





Potentiation of relaxants for orthopedic surgery 


With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 





Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.’’® 





A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 
“Isoflurane is eliminated more rapidly 


than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 

anesthetic.’’” (Blood-gas partition coef- 

ficient, only 1.4) Group No. of Patients No. of Patients 
with N or N&V 

Anesthesia using isoflurane in a mixture fantanyi, N0, 0 37 23 (62%)* 

of oxygen and air produced a significantly par ee a 

lower incidence of nausea and vomiting fentanyl, O. 20 6 (30%) 


following outpatient laparoscopy than 


; i ; i ° isoflurane, O 20 5 (25% 
anesthesia that included nitrous oxide.® 2 (25%) 





Adapted from Alexander et al® *p<0.05 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION: FORANE (isoflurane) is a nonflammable general inhalation anesthetic agent 
It is 1-chloro-2,2,2-trifluoroethyl difluoromethy! ether, and its structural formula is 


F H F 
| | | 
F—C—C —O—C—H 
F Cl F 
Some physical constants are 
Molecular weight 1845 


Boiling point 760 mm Hg 48 5°C (Uncorr) 
Refractive index ng? 1.2990—1 3005 


Specific gravity 25°/25°C 1.496 
Vapor pressure in mm Hg ** 20°C 238 
25°C 295 
30°C 367 
35°C 450 
** Equation for vapor pressure calculation 
logioPvap = A + B where: A = 8.056 
T B = -1664 58 
T = °C + 273 16 (Kelvin) 
Partition coefficients @ 37°C 
Water/gas 0.61 
Blood/gas/gas 1.43 
Oil/gas 90.8 
Partition coefficients @ 25°C—rubber and plastic 
Conductive rubber/gas 62.0 
Butyl rubber/gas 75.0 
Polyvinylchloride/gas 110.0 
Polyethylene/gas ~2.0 
Polyurethane/gas -1.4 
Polyolefin/gas ~1.1 
Butyl acetate/gas ~2.5 


Purity by gas chromatography >99 9% 
Lower limit of flammability in oxygen 

or nitrous oxide at 9 joules/sec 

and 23°C None 
Lower limit of flammability in oxygen 


or nitorus oxide at 900 joules/sec Greater than useful concen- 


and 23°C tration in anesthesia 
Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers 
Isoflurane has a mildly pungent, musty, ethereal odor Samples stored in indirect sunlight in 


clear, colorless glass for five years, as well as samples directly exposed for 30 hours to a 2 amp, 
115 volt, 60 cycle long wave U V. light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal sodium methoxide-methanol solution, a strong base, 
for over six months consumed essentially no alkali, indicative of strong base stability Isoflurane 
does not decompose in the presence of soda lime, and does not attack aluminum, tin, brass, 
iron or copper 


CLINICAL PHARMACOLOGY: FORANE (isoflurane) is an inhalation anaesthetic. The M.A.C 
(minimum alveolar concentration) in man is as follows 


Age 100% Oxygen 70% N,O 
26+4 1.28 0.56 
44+7 1.15 0.50 
64+5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild pungency 
which limits the rate of induction, although excessive salivation of tracheobronchial secretions 
do not appear to be stimulated. Pharyngeal and laryngeal reflexes are readily obtunded 
The level of anesthesia may be changed rapidly with isoflurane. Isoflurane is a profound 
respiratory depressant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED 
WHEN NECESSARY. As anesthetic dose is increased. tidal volume decreases and respiratory 
rate is unchanged. This depression is partially reversed by surgical stimulation, even at deeper 
levels of anesthesia. Isoflurane evokes a sigh response reminiscent of that seen with diethyl 
ether and enflurane, although the frequency is less than with enflurane 


Blood pressure decreases with induction of anesthesia but returns toward normal with surgical 
stimulation. Progressive increases in depth of anesthesia produce corresponding decreases in 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane required to 
reach a desired level of anesthesia and may reduce the arterial hypotension seen with isoflurane 
alone. Heart rhythm is remarkably stable. With controlled ventilation and normal PaCO,, 
cardiac output is maintained despite increasing depth of anesthesia primarily through an 
increase in heart rate which compensates for a reduction in stroke volume. The hypercapnia 
which attends spontaneous ventilation during isoflurane anesthesia further increases heart 
rate and raises cardiac output above awake levels. Isoflurane does not sensiti® the myocardium 
to exogenously administerd epinephrine in the dog. Limited data indicate that subcutaneous 
injection of 0.25 mg of epinephrine (50 ml of 1:200,000 solution) does not produce an increase in 
ventricular arrhythmias in patients anesthetized with isoflurane 


Muscle relaxation is often adequate for intra-abdominal operations at normal levels of 
anesthesia. Complete muscle paralysis can be attained with small doses of muscle relaxants 
ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH 
ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE 
Neostigmine reverses the effect of nondepolarizing muscle relaxants in the presence of isoflurane 
All commonly used muscle relaxants are compatible with isoflurane 


Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man. In the postanesthesia 
period, only 0.17% of the isoflurane taken up can be recovered as urinary metabolites 


INDICATIONS AND USAGE: FORANE (isoflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia 


CONTRAINDICATIONS: Known senitivity to FORANE (isoflurane) or other halogenated agents 
Known or suspected genetic susceptibility to malignant hyperthermia 


WARNINGS: Since levels of anesthesia may be altered easily and rapidly, only vaporizers 
producing predictable concentrations should be used Hypotension and respiratory depression 
Increase as anesthesia is deepened 


Increased blood loss comparable to that seen with halothane has been observed In patients 
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undergoing abortions. 

FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesia 
There may be a transient rise in cerebral spinal fluid pressure which is fully reversible with 
hyperventilation 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) should 
only be administered in an adequately equipped anesthetizing enivronment by those who are 
familiar with the pharmacology of the drug and qualified by training and experience to manage 
the anesthetized patient 


Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight 
decrease in intellectual function for 2 or 3 days following anesthesia As with other anesthetics, 
small changes in moods and symptoms may persist for up to 6 days after administration 


Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinine 
with decrease in BUN, serum cholesterol and alkaline phosphatase have been observed 


Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, 
most notably nondepolarizing muscle relaxants, and MAC (minimum alveolar concentration) 
is reduced by concomitant administration of N20. See Clinical Pharmacology 


Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposure 
might induce neoplasia. Isoflurane was given at '/,, 14, and '/,, M.A.C. for four in-utero exposures 
and for 24 exposures to the pups during the first nine weeks of life. The mice were killed at 
15 months of age. The incidence of tumors in these mice was the same as in untreated control 
mice which were given the same background gases, but not the anesthetic 


Pregnancy Category C: Isoflurane has been shown to have possible anesthetic-related fetotoxic 
effect in mice when given in doses 6 times the human dose. There are no adequate and well- 
controlled studies in pregnant women. Isoflurane should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when isoflurane is administered 
to a nursing woman 


Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may trigger a 
skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome 
known as malignant hyperthermia. The syndrome includes nonspecific features such as muscle 
rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure. (It should 
also be noted that many of these nonspecific signs may appear with light anesthesia, acute 
hypoxia, etc.) An increase in overall metabolism may be reflected in an elevated temperature 
(which may rise rapidly early or late in the case, but usually is not the first sign of augmented 
metabolism) and an increased usage of the CO, absorption system (hot canister) PaO, and 
pH may decrease, and hyperkalemia and a base deficit may appear. Treatment includes 
discontinuance of triggering agents (e.g., isoflurane), administration of intravenous dantrolene, 
and application of supportivé therapy. Such therapy includes vigorous efforts to restore body 
temperature to normal, respiratory and circulatory support as indicated, and management of 
electrolyte-fluid-acid-base derangements. (Consult prescribing information for dantrolene sodium 
intravenous for additional information on patient management.) Renal failure may appear later, 
and urine flow should be sustained if possible 


ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
(isoflurane) are in general dose dependent extensions of pharmacophysiologic effects and 
include respiratory depression, hypotension and arrhythmias 


Shivering, nausea, vomiting, and ileus have been observed in the postoperative period 


As with all other general anesthetics, transient elevations in white blood count have been 
observed even in the absence of surgical stress 


See PRECAUTIONS for information regarding malignant hyperthermia 


OVERDOSAGE: In the event of overdosage, or what may appear to be overdosage, the following 
action should be taken 


Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
witn pure oxygen 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient, taking into account that secretions are weakly stimulated 
by FORANE (isoflurane) and the heart rate tends to be increased The use of anticholinergic 
drugs ıs a matter of choice 


Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplished by using: 
a) vaporizers calibrated specifically for isoflurane; 
b) vaporizers from which delivered flows can be calculated, such as vaporizers delivering a 
saturated vapor which is then diluted. The delivered concentration from such a vaporizer 
may be calculated using the formula 


100 Py Fy 
F7(Pa—Py) 
where Pa= Pressure of atmosphere 
Py= Vapor pressure of isoflurane 


F y= Flow of gas through vaporizer (ml) 
F += Total gas flow (ml) 


% isoflurane = 


Isoflurane contains no stabilizer Nothing in the agent alters calibration or operation of these 
vaporizers 


Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous oxide 
mixtures may produce coughing, breath holding, or laryngospasm These difficulties may be 
avoided by the use of a hypnotic dose of an ultra-short-acting barbituate. Inspired concentrations 
of 1.5to3% isoflurane usually produce surgical anesthesia in 7 to 10 minutes 

Maintenance: Surgical levels of anesthesia my be sustained with a 1.0-25% concentration 
when nitrous oxide is used concomitantly. An additional 0.5% to 1.0% may be required when 
isoflurane is given using oxygen alone. If added relaxation is required, supplemental doses of 
muscle relaxants may be used 


The level of blood pressure during maintenance is an inverse function of isoflurane concentration 
in the absence of other complicating problems. Excessive decreases may be due to depth of 
anesthesia and in such instances may be corrected by lightening anesthesia 


HOW SUPPLIED: FORANE (isoflurane), NDC 10019-360-40. 1s packaged in 100 ml amber-colored 
bottles 


Storage: Store at room temperature. Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods in excess of five years 


Revised 1-83 
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Marcaine:c 
(bupivacaine HCI injection, USP) nenne 20000 


PLEASE CONSULT FULL PRESCRIBING INFORMATION. A SUMMARY FOLLOWS: 


CONTRAINDICATIONS: Obstetric paracervical block anesthesia; use in this technique has resulted in fetal 
bradycardia and death. Known hypersensitivity to the drug or to any amide-type local anesthetic, or to other 
components of MARCAINE solutions. 


WARNINGS 





THE 0.75% CONCENTRATION OF MARCAINE IS NOT RECOMMENDED FOR OBSTETRICAL 
ANESTHESIA. THERE HAVE BEEN REPORTS OF CARDIAC ARREST WITH DIFFICULT 
RESUSCITATION OR DEATH DURING USE OF MARCAINE FOR EPIDURAL ANESTHESIA 
IN OBSTETRICAL PATIENTS. IN MOST CASES, THIS HAS FOLLOWED USE OF THE 0.75% 


: e e 
Ew Lon duration of action CONCENTRATION. RESUSCITATION HAS BEEN DIFFICULT OR IMPOSSIBLE DESPITE 
| APPARENTLY ADEQUATE PREPARATION AND APPROPRIATE MANAGEMENT. CARDIAC 


ARREST HAS OCCURRED AFTER CONVULSIONS RESULTING FROM SYSTEMIC TOXICITY, 
PRESUMABLY FOLLOWING UNINTENTIONAL INTRAVASCULAR INJECTION. THE 0.75% CON- 
CENTRATION SHOULD BE RESERVED FOR SURGICAL PROCEDURES WHERE A HIGH 
DEGREE OF MUSCLE RELAXATION AND PROLONGED EFFECT ARE NECESSARY. 


© Greater patient comfort’ 


LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL VERSED IN 
DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMERGENCIES 
WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER INSURING 
THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIOPULMONARY 
RESUSCITATIVE EQUIPMENT, AND THE PERSONNEL RESOURCES NEEDED FOR PROPER MANAGE- 

MENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See also ADVERSE REACTIONS, 

al Redu d n d for stron PRECAUTIONS and OVERDOSAGE.) DELAY IN PROPER MANAGEMENT OF DOSE-RELATED TOXICITY, 

ce ee q UNDERVENTILATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE DE- 
VELOPMENT OF ACIDOSIS, CARDIAC ARREST AND, POSSIBLY, DEATH. 


osto erative an al esics’ Local-anesthetic solutions containing antimicrobial preservatives, ie, those supplied in multiple-dose 
p p q . vials, should not be used for epidural or caudal anesthesia because their safety has not been established 
with regard to intrathecal injection—intentionally or not. 
it is essential that aspiration for blood or cerebrospinal fluid, where applicable, be done prior to injecting 
any local anesthetic (the original and all subsequent doses) to avoid intravascular or subarachnoid injection, 
which can occur even with a negative aspiration. 

MARCAINE with epinephrine 1:200,000 or other vasopressors should not be used concomitantly with 
ergot-type oxytocic drugs, and used with extreme caution in patients receiving monoamine oxidase (MAO) 
inhibitors or antidepressants of the triptyline or imipramine types: severe prolonged hypertension may result 

Improve pu monary Pending further experience, MARCAINE administration in children younger than 12 years is not recommended. 


Mixing, or a prior or intercurrent use, of any other local anesthetic with MARCAINE cannot be recom- 


e 2 mended because such use lacks sufficient clinical data. 
nctions There have been reports of cardiac arrest and death with MARCAINE for intravenous regional anesthesia 
j (Bier block). Since information on safe dosages and procedural techniques is lacking, MARCAINE is not 
recommended. 


PRECAUTIONS: General: Safety and effectiveness of local anesthetics depend on proper dosage, correct 
technique, adequate precautions, and readiness for emergencies. Resuscitative equipment, drugs, and 
oxygen should be available for immediate use. (See WARNINGS, ADVERSE REACTIONS, OVERDOSAGE) 
During major regional nerve blocks, the patient should have I.V. fluids via an indwelling catheter to assure a 

e a functioning intravenous pathway. The lowest effective anesthetic dosage should be used to avoid high 
pa Reduced incidence of plasma levels and serious adverse effects. 

Epidural Anesthesia: The 0.5% and 0.75% solutions should be administered in increments of 3-5 mL with 
. 2 sufficient time between doses to detect toxic manifestations of unintentional intravascular or intrathecal 
atelectasis injection. Administration should be slow, with frequent aspirations before and during the procedure to avoid 
; intravascular injection which is still possible even if aspirations for blood are negative. Syringe aspirations 
should also be performed before and during each supplemental injection by “continuous” (intermittent) 
catheter technique. During an epidural procedure, it is recommended that a test dose be administered 
initially and the effects monitored before giving the full dose. When using continuous catheter technique, test 
doses should be given prior to both the original and all reinforcing doses because plastic tubing in the 
epidural space can migrate into a blood vessel or through the dura. Clinical conditions permitting, the test 
dose should contain epinephrine (10-15 ug has been suggested) to provide warning of unintended intravas- 
Ba Use lowest dosa e of cular injection. If injected into a blood vessel, this amount is likely to produce a transient “epinephrine 
} response" within 45 seconds, consisting of an increase in heart rate and/or systolic blood pressure, Cir- 
. . cumoral pallor, palpitations, and nervousness in the unsedated patient who may exhibit only a pulse-rate 
local anesthetic to eld increase of 20 or more beats per minute for 15 or more seconds. Theretore, following the test dose, heart rate 
should be monitored for any increase. Patients on beta blockers may not manifest such changes, but 
° e blood-pressure monitoring can detect a transient systolic rise The test dose should also contain 10-15 mg 
effective anesthesia of MARCAINE or an equivalent amount of another local anesthetic to detect unintended intrathecal injection 
This will be evidenced within a few minutes by signs of spinal block (eg, decreased gluteal sensation, paresis 
of the legs or, in the sedated patient, absent knee jerk). Two or 3 mL of MARCAINE 0.5% with epinephrine 
1-200,000 contain, respectively, 10 and 15 mg of bupivacaine HC! and 10 and 15 „g of epinephrine. An 
intravascular or subarachnoid injection is still possible even with negative results of the test dose, which itself 

may produce an epinephrine-induced cardiovascular or systemic toxic reaction or high spinal effect. 

Repeated doses may cause significant increases in plasma levels with each such injection due to slow 
accumulation of the drug or its metabolites, or to slow metabolic degradation. Tolerance to elevated blood 
levels varies with the patient's status. Debilitated, elderly, and acutely ill patients should be given reduced 
doses commensurate with age and physical status. Also use local anesthetics with caution in patients with 
hypotension or heart block. 

There should be careful and constant monitoring of the patient's cardiovascular and respiratory (adequacy 
of ventilation) vital signs and state of consciousness after each injection, and kept in mind at such times that 
restlessness, anxiety, incoherent speech, lightheadedness, numbness and tingling of the mouth and lips, 
metallic taste, tinnitus, dizziness, blurred vision, tremors, twitching, depression, or drowsiness may be 
warnings of CNS toxicity 

Local anesthetic solutions with a vasoconstrictor should be used cautiously and carefully in body areas 
supplied by end arteries or with otherwise restricted blood supply (digits, nose, external ear, penis, 
eg.) Patients with hypertensive vascular disease may exhibit exaggerated vasoconstrictor response, ischemic 
injury or necrosis may result 

Amide-type anesthetics such as MARCAINE are metabolized by the liver; these drugs (especially repeat 
doses) should be used cautiously in patients with hepatic disease. Because of an inability to metabolize local 
anesthetics normally, patients with severe hepatic disease are at greater risk of developing toxic plasma 
concentrations. Also use with caution in patients with impaired cardiovascular function because they may be 
less able to compensate for functional changes associated with the drug's prolongation of A-V conduction. 

Serious dose-related cardiac arrhythmias may occur if preparations containing epinephrine are employed 
in patients during or following administration of potent inhalation anesthetics. In deciding whether to use 
these agents concurrently, their combined action on the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since injection should be taken into account (when applicable) 

Many drugs used in anesthesia conduction are potentially triggering agents for familial malignant hyperthermia. 
Because it is unknown whether amide-type anesthetics may trigger this reaction and because the need for 
supplemental general anesthesia cannot be predicted in advance, it is suggested that a standard manage- 

(] ment protocol be available. Early unexplained signs of tachycardia, tachypnea, labile blood pressure, and 
w metabolic acidosis may precede temperature elevation Successful outcome is dependent on early diagnosis, 
H | prompt discontinuance of the suspect triggering agent(s), and prompt treatment including oxygen, dantrolene 
G IV. (see prescribing information before use), and other supportive measures 
dental, and stellate ganglion blocks, may produce adverse reactions similar to systemic toxicity seen with 
unintentional intravascular injections of larger doses. Confusion, convulsions, respiratory depression and/or 
with or without epinephrine 1:200,000 intraarterial injection of the local anesthetic with retrograde flow to the cerebral circulation. Patients 
receiving these blocks should have their circulation and respiration monitored constantly, with resuscitative 


(bu ivacai ne iC] iniection | ISP) Use in Head and Neck Area: Small doses of local anesthetics injected into the area, including retrobulbar, 
D ’ respiratory arrest, and cardiovascular stimulation or depression have been reported and may be due to 
equipment and personnel immediately available if needed. Do not exceed dosage recommendations (See 


A DOSAGE AND ADMINISTRATION.) 

Ly thro, Leon Use in Ophthalmic Surgery: With MARCAINE 0.75% for retrobulbar block, complete corneal anesthesia 
usually precedes onset of clinically acceptable external ocular muscle akinesia. Presence of akinesia alone 
determines readiness for surgery. 

WINTHROP-BREON LABORATORIES pate Dentistry: Because of the long duration of anesthesia when MARCAINE 0.5% with epinephrine is 
used dentally, caution patients about inadvertent trauma to tongue, lips, and buccal mucosa; advise them not 
90 Park Avenue, New York, N.Y 10016 to chew solid foods or test the anesthetized area by biting or probing until anesthesia has worn off (up to 7 
h ) 
Ours). 
*0.25% only. Information for Patients: When appropriate, inform them in advance of possible temporary loss of 


sensation and motor activity (usually in the lower body) following administration of caudal or epidural 
anesthesia, or other possible adverse occurrence noted in package insert 


Please see adjacent important product information concerning contra- Clinically Significant Drug Interactions: Administering local anesthetic solutions containing epinephrine 
indications, warnings, adverse reactions, patient selection, and prescribing and or norepinephrine to patients receiving MAO inhibitors or tricyclic antidepressants may produce severe, 
precautionary recommendations. prolonged hypertension. Thus concurrent use should generally be avoided. in situations when such therapy 


is necessary, careful monitoring is essential. Concurrent use of vasopressor and ergot-type oxytocic drugs 
may cause severe, persistent hypertension or cerebrovascular accident. Phenothiazines and butyrophenones 
may reduce or reverse epinephrine’s pressor effect. 


©1984 Winthrop-Breon Laboratories (continued on next page) 
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Composition : : 
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The Definitive Guide to Health-Related Software for Physicians, 
Dentists, Allied Health Professionals, and Administrators 


The Software Catalog 


Health 


Professions 


Produced from the Menu ™/International Software Database™ 


The 





Sotware 










This important new resource 
provides detailed descriptions of 
all available health-related soft- 
ware and offers practical advice 
on how te apply microcomputer 
technology to medical, educa- 
tional, and administrative tasks. 


He 


The Software Catalog: 
Health Professions lists more 
than 1,000 software programs 
for medical and health profes- 
sionals. Each program descrip- 
tion contains vital information 
on availability, price, applica- 
tions, and compatibility, and every listing is cross-refer- 
enced seven different ways in a unique, easy-to-use 
indexing system. 


As a supplement to the 1,000 program listings, The 
Software Catalog: Health Professions provides these 
informative, up-to-date articles: 


“Computers in the Physician’s Office” 
by Jumes E. Tarvid 


This introduction to using computers in the physician’s 
office covers such topics as the fallibility of computer 
systems, the language of computers, common computer 


_ applications in medical practice, the cost of installing 


hardware and software, and the principles of the medical 
practice data base. 


Aken et 


itiga 
Rar Cromartie, M.IN 


The definitive guide 
to belih rated son ware dor plysacitins. 
dentists. allied bhoalth proltsmonals, 
and acdinanistrators. 
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“Computers in Medical 
Education” 
by James S. Lewis, M.D. 


Offers a historical perspective on 
computer use in medical educa- 
tion, and outlines some existing 
systems. Includzs discussions of 
programmed text, patient simula- 
tors, physiologic simulations, 
EPS (Epidemiologic Patient Sim- 
ulator), and the Disease Model 
Concept of Patient Simulation. 


“Medical Expert Systems” 

by Roy Cromartie, M.D. 
Provides a brief introduction to computer-based consulta- 
tion systems and covers the future implications of these 
systems to medical care and to medical research. Specific 
discussions focus on The Present Illness Program, Inter- 
nist, Casenet, and Emycin. 


“Data Base Management Systems: 
An Introduction” 
by Connie Jo Dickerson 
Describes the functions of data base management sys- 
tems, and lists the leading data base management packages. 


“Word Processing Packages: An Introduction” 
by Connie Jo Dickerson 


Explains what word processing packages are, how they are 
used, and what they can do. Includes a list of some of the 
leading word processing packages. 


The Software Catalog: Health Professions lists and describes software for these applications areas: 


® Health and Diet 

® Biology 

¢ Environmental Science 
® Hospital Management 


e Medicine 
e Dentistry 
è Pharmaceutics 


è Time/Client Billings 
e Word Processing 
e Database Management Systems 


è Veterinary Practice 


1984 approx. 230 pages 0-444-00952-3 paper $30.00 (Dfl. 125.00 outside North America) 
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Editorials 





Is There Light at the End of the Tunnel? 


In their article “Choline Uptake, Acetylcholine Syn- 
thesis and Release, and Halothane Effects in Synap- 
tosomes,” Johnson and Hartzel have piled one more 
stone on the wall of corifusion that obscures the mech- 
anism of inhalation anesthesia. The authors studied 
four parameters of synaptic function: choline uptake, 
choline acetyltransferase, acetylcholine synthesis, and 
acetylcholine release (1). When they found that 3% 
halothane at 32°C reduced three of the four param- 
eters, they moved the discussion immediately to con- 
sidering molecular theories of anesthesia. When they 
found that one of three parameters that was decreased 
exhibited ‘“competitive-like” inhibition of choline up- 
take, they concluded that their data support theories 
of anesthesia that postulate direct binding of anes- 
thetics to proteins. 

several thousand papers have been published that 
describe the increase or decrease of some physiolog- 
ical parameter as a function of some concentration of 
inhalation anesthetic. After all this effort, why don’t 
we know the mechanism of anesthetic action or even 
the site of anesthesia in the nervous system? An anal- 
ysis of the paper by Johnson and Hartzell may answer 
that question. 

The authors studied 3% halothane at 32°C. If one 
converts that concentration to the equivalent at 37°C, 
it would be at least 3.6% (2). The MAC for halothane 
at 37° in a rat is approximately 1% and is a very steep 
sigmoidal curve such that if 50% of the animals move 
in response to surgical stimulation at 1%, then more 
than 90% of the animals move at 0.9% and only a few 
percent move at 1.1% (3). Why did Johnson and 
Hartzell conduct their study with 3% halothane when 
that concentration is three times MAC and about twice 
the LDso for halothane? My guess is that the 
dose-response curves for the parameters of choline 
uptake, acetylcholine synthesis, and acetylcholine re- 
lease are also steep sigmoidal curves with EDsy values 
near 3% and almost nothing happens at 1% halo- 
thane. If I am wrong, I can only wish that the authors 
had included 1% halothane in their study so that I 
would have some confidence in using their data to 
guide my thinking about what goes on during in vivo 
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anesthesia. If I am right, then choline uptake, ace- 
tylcholine synthesis, and acetylcholine release have 
nothing to do with the process of inhalation anesthesia. 

I am also concerned that the authors went rather 
quickly from presentation of their own results to a 
discussion of what theories of anesthesia they seem 
to support. They neglected to compare their results 
with results of other similar experiments performed 
in other laboratories. Not surprisingly, the idea that 
inhalation anesthetics affect the synaptic transmission 
process has received a lot of attention in the last few 
decades. Many of the published results in the anes- 
thesia literature differ with each other and with the 
results presented by Johnson and Hartzell. They dif- 
fer, not only in the broad sense of whether anesthetics 
alter acetylcholine uptake, acetylcholine release, ace- 
tycholine action at the postsynaptic ending, or act on 
a host of other sites and transmitters, but quantita- 
tively with the results of the particular measurements 
reported by the present authors. 

In summary, I don’t want to squeeze the paper by 
Johnson and Hartzell into an overfull file drawer with 
a note on it that the anesthetic concentration is high 
and the results don’t seem to agree with other labo- 
ratories. I would like to know what effect a 1 MAC 
concentration has at 37° on the systems studied, and 
what improvements in methodology the authors have 
made that makes their results correct and why the 
results of preceding studies are flawed. Then we can’ 
have a useful discussion about molecular theories of 
anesthesia. 

James R. Trudell, pho 
Department of Anesthesia 


Stanford University School of Medicine 
Stanford, CA 94305 
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In Vivo MAC Values and In Vitro Experimentation 


In our article, “Choline Uptake, Acetylcholine Syn- 
thesis and Release, and Halothane Effects in Synap- 
tosomes,” we have shown in cholinergic nerve ter- 
minal preparations obtained from rat cerebra that 
halothane affects neurotrarismitter precursor uptake, 
neurotransmitter synthesis, and neurotransmitter re- 
lease (1). Synaptosomes are membrane-enclosed nerve 
endings formed by gentle disruption of brain tissue. 
They contain within their membrane boundary all the 
necessary components for neurotransmitter synthe- 
sis, storage, and release. Rat brain cerebral synapto- 
somes present an in vitro model of the nerve terminal 
that is totally free of all conduction effects and all other 
in vivo physiological influences such as neuropep- 
tides and hormones. Therefore, a direct and thorough 
examination of nerve terminal responses that are re- 
quired for presynaptic neural transmitter processing 
can be accomplished in this system free of nerve con- 
duction effects, free of inhibitory and excitatory im- 
pulses from other neurons, and free of all other in 
vivo physiological influences. 

The results reported by Johnson and Hartzell (1) 
have been criticized by Trudell (2) largely on the basis 
that the halothane concentration used in these ex- 
periments exceeded in vivo MAC values. (The con- 
cept of MAC and the advantages and limitations of 
MAC usage in anesthesia have been amply described 
by Eger (3) and will not be further elaborated upon.) 
We take this opportunity to examine the concept that 
physiological and biochemical parameters measured 
in vitro must respond within the pharmacologically 
significant dose range obtained for in vivo MAC in 
order to be considered contributory to in vivo anes- 
thesia mechanisms. There are many topics that should 
be included in this discussion; however, for the sake 
of brevity, we will present only three key concepts: 
solubility of halothane; in vivo physiological modu- 
lation of cellular response; and biochemical catalysis 
and control. 


Solubility of Halothane 


It is well established that halothane is one-third as 
soluble in buffered saline solution as in blood. Thus 
the concentration of halothane in saline at 3% gas- 
phase halothane would approximate the same con- 
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centration of halothane in blood at 1% gas-phase hal- 
othane (4). A second consideration with regard to 
halothane coricentration in synaptosomes is the sol- 
ubility of halothane in the synaptoplasm. No infor- 
mation is available concerning final halothane con- 
centrations in the in vivo nerve terminal with a full 
complement of organelles, proteins, and lipids. How- 
ever, itis doubtful whether the ruptured and resealed 
synaptosome can solubilize halothane to the same 
extent as in vivo terminals. And finally, if the halo- 
thane concentrations in both the bathing medium and 
synaptoplasm are altered (decreased), it is reasonable 
to assume that the medium—membrane and mem- 
brane—synaptoplasm interfacial concentrations of hal- 
othane are significantly changed as well (5). These 
altered solubility effects are directly applicable to con- 
siderations of reversible halothane inhibition of cho- 
line transport: the receptor initially involves the me- 
dium—membrane interface and acetylcholine release 
potentially involves both membrane interfaces in the 
in vitro synaptosomes. 


Modulation of Cellular Responses 


Anesthetic effects on the modulation of neuronal con- 
duction and synaptic transmission and the sensori- 
motor modulation system are described by Kendig (6) 
and Angel (7), respectively. The almost overwhelm- 
ing complexity of the neuronal system and interacting 
networks prompted us to seek a simpler model sys- 
tem to investigate the possible role of halothane in 
presynaptic transmission events of transport, synthe- 
sis, and release. That the synaptosomes do not reveal 
the in vivo sensitivity to halothane observed for in- 
duction of anesthesia should be neither surprising nor 
unexpected due to the many modulatory effectors (both 
positive and negative) available to the in vivo cerebral 
nerve terminals. 


Catalysis and Control 


Porteous has pointed out that “a number of important 
biological functions, which must have a molecular 
basis, have not yielded to the traditional ‘fractionate 
and analyse’ approach of the biochemist” (8). One, 
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example he presents is “the capacity of central neu- 
ronal networks to capture, sort, store and recall input 
signals and to modify these capacities with the pas- 
sage of time” (8). These considerations, along with 
control theory concepts relating to embryogenesis, 
differentiation, genetic dominance, and steady-state 
metabolic control, have prompted a small, but stead- 
ily growing, number of biochemists to reexamine in- 
tracellular and extracellular variables and parameters 
that contribute to the magnitude of flux through var- 
ious pathways (see Westerhoff et al. for review (9)). 
A total understanding of a physiological response to 
a pharmacological effector requires molecular infor- 
mation concerning events that occur within a func- 
tionally intact cell involving interactions among all 
system components including the immediate envi- 
ronment, and all events must be analyzed with re- 
spect to time. Some of these answers can be gained 
only with an understanding of the kinetics and en- 
ergetics of fluxes through these complex interacting 
systems. However, these complex systems require as 
many windows of understanding as possible to com- 
plete a reasonable picture. It is for this one view that 
we launched our investigation of halothane effects on 
presynaptic transmission events. 
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Charles R. Hartzell, PhD 


Gail V.W. Johnson, PhD 
Alfred I. duPont Institute 
PO Box 269 

Wilmington, DE 19899 
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Cardiac Electrophysiologic and Hemodynamic Effects Related to 
Plasma Levels of Bupivacaine in the Dog 


Ragnar Hotvedt, MD, Helge Refsum, MD, PhD, and Knut G. Helgesen, MD 


HOTVEDT R, REFSUM H, HELGESEN KG. Cardiac 
electrophysiologic and hemodynamic effects related to 
plasma levels of bupivacaine in the dog. Anesth Analg 
1985;64:388-94. 


To investigate electrophysiologic and hemodynamic re- 
sponses to various plasma levels of bupivacaine, especially 
those in the range normally seen during regional anesthesia, 
bupivacaine was given intravenously as a bolus dose fol- 
lowed by continuous infusion in pentobarbital-anesthetized 
dogs. Cardiac electrophystology was studied by His bundle 
electrography, programmed electrical stimulation, and mono- 
phasic action potential recordings. At plasma bupivacaine 
concentrations below 1000 ng/ml, no significant electro- 
physiologic or hemodynamic effects were observed. This in- 


Increasing attention has been directed recently to pos- 
sible cardiac effects of bupivacaine. This is due in part 
to publication of several reports of severe cardiovas- 
cular complications associated with regional blocks 
induced with this local anesthetic (1-4). The compli- 
cations have been presumed to be caused by intra- 
vascular injection in most of the cases. However, in- 
travascular injection usually has not been documented. 
The question, therefore, arises as to whether bupiv- 
acaine after normal absorption during regional anes- 
thesia has systemic effects that may influence cardiac 
function. 

Certain forms of regional anesthesia may also have 
cardiac effects caused by simultaneous blockade of 
the cardiac sympathetic innervation. It has been shown 
recently that thoracic epidural analgesia induced with 
bupivacaine has significant cardiac electrophysiologic 
and hemodynamic effects (5-7). However, contribu- 
tional effects from bupivacaine absorbed systemically 
have not been ruled out. Therefore, the aim of this 
study was to investigate cardiac electrophysiologic 
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dicates that systemic responses to absorbed bupivacaine do 
not contribute to the cardiac electrophystologic effects re- 
cently demonstrated during thoracic epidural analgesia. At 
a plasma level of about 2000 ng/ml, a level occasionally 
achieved during regional anesthesia, bupivacaine prolonged 
impulse conduction time in all parts of the heart, prolonged 
atrial and AV nodal refractoriness, decreased left ventricular 
inotropy, but had no effect on ventricular refractoriness or 
monophasic action potential duration. These electrophysi- 
ologic effects may enhance susceptibility to reentrant 
arrhythmias. 


Key Words: ANESTHETICS, Ltocat—bupivacaine. 
HEART, MYOCARDIAL FUNCTION-—bupivacaine. 


and hemodynamic effects of bupivacaine at various 
plasma levels, especially plasma levels in the range 
normally seen during clinical regional anesthesia. 


Methods 
Animal Preparation 


We used eight mongrel dogs of either sex, weighing 
15-25 kg (mean 17.4). Anesthesia was induced with 
sodium pentobarbital 25 mg/kg intravenously, and 
maintained with a continuous intravenous infusion 
of 3.5 mg-kg~'hr~! (8). The dogs were ventilated 
through endotracheal tubes with room air using a 
volume-controlled respirator. Arterial blood gas ten- 
sions and acid-base balance were measured repeat- 
edly throughout the experiments, and the body tem- 
perature was maintained at 37 + 3°C using an infrared 
lamp. 

Heart catheterization was performed via femoral 
vessels under fluoroscopic control. A 5F PC-350 Millar 
Micro-tip pressure transducer catheter was intro- 
duced into the left ventricle. At spontaneous heart 
rate, left ventricular blood pressure was measured, 
and the first derivative of the pressure (dP/dt) signal 
was computed with a linear frequency response of 
160 Hz. The signals were recorded on a Mingograf 82 
(Elema Schénander, Stockholm, Sweden). A trian- 


CARDIAC EFFECTS OF BUPIVACAINE 


gular signal with a known slope was substituted for 
pressure signals to calibrate dP/dt. Aortic blood pres- 
sure was measured at spontaneous heart rate with a 
catheter in the descending aorta, using a Statham 
transducer P 23 De. The signals were recorded on a 
Beckman R411 Dynograph Recorder. A continuous 
intravenous infusion of 0.9% NaCl 2-3 ml-kg™*hr7! 
was given throughout the experiments. The urinary 
bladder was catheterized. 


Cardiac Electrophysiology 


A 6F quadripolar electrode (USCI) was placed in the 
sinus node region, and atrial pacing was performed 
with the distal (1) cathodal and the proximal (4) anodal 
electrode. High right atrial (HRA) recordings were 
done with electrodes 2 and 3. A 6F tripolar electrode 
(USCI) was placed across the atrioventricular junc- 
tion. The position was ascertained by a bi- or triphasic 
deflection of the bundle of His between the P wave 
and the ORS complex of the external electrocardio- 
gram. Ventricular pacing was performed with a 4F 
bipolar electrode (USCI). Recordings were done on 
the Mingograf 82 with three external leads (I, II, and 
III), and two bipolar intracardiac registrations (His 
and HRA). All recordings were done at paper speed 
of 250 mm/sec. 

Monophasic action potential (MAP) recordings were 
obtained from the outflow tract of the right ventricle 
in six dogs (9). An 8F radio-opaque close bipolar suc- 
tion electrode catheter was introduced from a femora] 
vein and pushed to the right ventricle under fluoro- 
scopic control. The catheter was slightly pressed against 
the endocardial wall, and a three-way stopcock al- 
lowed either infusion of saline through the catheter 
or application of suction —350 mm Hg. The close 
bipolar signal between the electrode terminals, both 
situated at the end of the catheter 1 mm apart, was 
preamplified with a high input impedance (30 MQ) 
differential DC recording system. The signals were 
recorded on the Mingograf 82 at paper speed of 250 
mm/sec. The amplitude of the MAP was measured in 
mV as the distance from the diastolic baseline to the 
highest point of the plateau. The duration of MAP 
was measured at levels of 50 and 90% repolarization 
(VMAPDs) and VMAPDə, respectively), as defined 
by the percent of the plateau amplitude. The values 
were obtained from the median of 5 MAPs, where 
recordings with a lower amplitude than 25 mV were 
discarded. After each recording, the suction electrode 
catheter was withdrawn slightly, and advanced again 
to contact the endocardium when further recordings 
were required. 

Pacing as well as programmed stimulation were 
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carried out using a stimulator that delivered square- 
wave impulses of 1.8 msec duration (Medtronic 5325 
Programmable Stimulator). The output was set at twice 
the diastolic threshold. Intracardiac conduction times 
were measured at spontaneous heart rate and at pac- 
ing at frequencies of 170, 200, 230, and 260 beats/min. 
Refractoriness was measured with a premature im- 
pulse (st 2) delivered after each train of eight regular 
stimuli (st 1), the interval (st 1~st 2) was reduced in 
steps of 10-5 msec until no further response could be 
obtained. 

The following measurements were made: PA in- 
terval, stA interval, AH interval, HV interval, ORS 
width, functional refractory period (FRP) of the AV 
node and the right ventricle, and effective refractory 
period (ERP) of the right atrium and ventricle, ac- 
cording to conventional definitions (5,10). 


Plasma Bupivacaine Determination 


Bupivacaine concentrations in plasma were deter- 
mined at Astra Lakemedel AB, Research and Devel- 
opment Laboratories, Södertälje, Sweden, by selected 
ion monitoring. Plasma was separated from arterial 
blood samples by centrifugation for 10 min at 4°C, 
and kept frozen at — 20°C until analysis. 

To 1.00 ml of plasma in a 10-ml tube were added 
1.00 ml (1 wg) of an aqueous solution of the internal 
standard (1-n-pentyl-2-(2’,6’-xylylcarbamoyl)-piperi- 
dine hydrochloride), 0.50 ml of 10% sodium bicar- 
bonate solution, and 3 ml of methylene chloride, and 
the tube was rotated for 15 min in a rotary mixer. 
After centrifugation, the organic phase was trans- 
ferred to a 3 ml silanized glass tube and evaporated 
to dryness under nitrogen at 40°C. The residue was 
dissolved in 100 ul of ethanol. An LKB model 2091- 
051 gas chromatograph-mass spectrometer with an 
KB 2091-710 multiple ion detector was used for the 
quantitative analysis. The ions m/z 140 (base peak for 
bupivacaine) and 154 (base peak for the internal stan- 
dard) were monitored. The separation was carried out 
on a glass column, 0.9 m x 2 mm inner diameter, 
packed with 3% OV-17 on Supelcoport (80-100 mesh) 
at column temperature 240°C. The approximate re- 
tention times were 100 sec (bupivacaine) and 150 sec 
(internal standard). 


Protocol 


Hemodynamic and electrophysiologic control re- 
cordings were taken 20 min after finishing the oper- 
ative procedures. Each dog then received bupiva- 
caine, given as three consecutive intravenous bolus 
doses, each immediately followed by continuous in- 
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Table 1. Hemodynamic Effects after Intravenous Administration of Bupivacaine’ 


Control 

values 
HR (beats/min) 150 + 10 
Pao (mm Hg) 1ST aS 
LV dP/dt max (mm Hg/sec) 2980 + 384 


“Values are mean + SEM, n = 8. 
bP < 0.05. 


Changes at different plasma 
levels of bupivacaine (ng/ml) 


231 + 21 880 + 79 2435 + 279 
023 1 + 4 -1+5 
O+2 —2 £ 2 —2 +4 2 

—207 + 155 — 373 + 194 — 624 + 205° 


Abbreviations: HR, spontaneous heart rate; Pao, mean aortic blood pressure; LV dP/dt max, left ventricular dP/dt max. 


travenous infusion. The durations of the infusion pe- 
riods were 40 + 3, 37 + 3, and 37 + 2 min (mean + 
SEM, n = 8), respectively. Recordings were done dur- 
ing the infusion, and started 15 min after the bolus 
dose. The doses of bupivacaine were the following: 
first bolus 0.1 mg/kg and infusion 5 wg-kg7‘min~’, 
second bolus 0.2 mg/kg and infusion 25 pg-kg~*min~?, 
and third bolus 0.4 mg/kg and infusion 100 
gkg mint. Each new bolus was given immedi- 
ately after the end of the foregoing recording period. 
Arterial blood samples for bupivacaine analysis were 
taken at the beginning and at the end of each record- 
ing period. 


Statistics 


Each dog served as its own control. For statistical 
evaluation, two-way analysis of variance was em- 
ployed (11). When this analysis indicated significant 
differences, the groups were compared using the Q 
method based on a studentized range (12). Statistical 
significance was assumed with P < 0.05. Values are 
given aS mean + SEM. 


Results 
Plasma Levels of Bupivacaine 


During the first recording period, the plasma concen- 
tration of bupivacaine decreased from 250 + 24 to 213 
+ 21 ng/mi (mean + SEM, n = 8) (P < 0.05). During 
the second recording period, the concentration in- 
creased from 828 + 68 to 932 + 93 ng/ml (P < 0.05), 
and during the third recording period, from 2256 + 
124 to 2614 + 464 ng/ml (not significant). The dura- 
tions of the three recording periods were 25 + 3, 22 
+ 3, and 22 + 2 min (mean + SEM). The mean bu- 
pivacaine levels during each recording period, cal- 
culated as the mean of the initial and final concen- 
trations obtained in each dog, were 231 + 21, 880 + 
79, and 2435 + 279 ng/ml, respectively. 

In two dogs, atrial pacing was not possible at the 


highest bupivacaine level, in spite of increasing the 
stimulator output tenfold. In the remaining six dogs, 
bupivacaine concentrations during the three record- 
ing periods were 220 + 26, 843 + 83, and 2030 + 
104 ng/ml (mean + SEM). Of the eight dogs, the two 
in which atrial pacing was not possible during the last 
recording period had the highest plasma concentra- 
tions: mean values of 3083 and 4221 ng/ml, respectively. 

During ventricular pacing, the dog with the highest 
bupivacaine concentration (5742 ng/ml) suddenly de- 
veloped ventricular fibrillation. We did not succeed 
in resuscitating this dog with external heart compres- 
sion, DC shocks, or different pacing techniques. Ven- 
tricular pacing was performed without complications 
in the remaining dogs. In the six dogs in which mono- 
phasic action potential recordings were obtained, the 
bupivacaine concentration during the three recording 
periods were 221 + 26, 927 + 99, and 2138 + 187 
ng/ml, respectively. 


Hemodynamic Effects 


No significant changes were found in spontaneous 
heart rate or mean aortic blood pressure at the three 
different plasma levels of bupivacaine (Table 1). A 
reduction in left ventricular dP/dt max was seen with 
increasing plasma bupivacaine levels, but this reduc- 
tion was statistically significant only at the highest 
plasma concentration. 


Intracardiac Impulse Conduction 


Mean control values (+ SEM) for intraatrial conduction 
time were 28 + 2 msec (PA interval at spontaneous 
heart rate, n = 8) and 33 + 3 msec (stA interval at 
pacing rate 230 beats/min, n = 6); for AV nodal con- 
duction time, 66 + 6 msec (AH interval at sponta- 
neous rate, n = 8)and 85 + 11 msec (at 230 beats/min, 
n = 6). His-Purkinje conduction time (HV interval) 
was 23 + 2 msec, and the ORS width 59 + 2 msec 
(both at spontaneous heart rate, n = 8, and at 230 
beats/min, n = 6). 
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Figure 1. Changes in intraatrial (PA and stA intervals), AV nodal 
(AH interval) and His-Purkinje (HV interval) impulse conduction 
times, and ORS width at different plasma concentrations of bu- 
pivacaine. Values are mean + SEM. Symbols: O- — — —O, pacing 


at 230 beats/min, n = 6; ®————® = spontaneous heart rate, n = 
8. *P < 0.05. 


After bupivacaine administration, no significant 
changes were seen in the intracardiac impulse con- 
duction at the two lowest plasma concentrations (Fig. 
1). However, at the highest plasma concentration, the 
intraatrial, AV nodal and His-Purkinje impulse con- 
duction times, and the QRS width increased signifi- 
cantly, both at spontaneous heart rate and at the dif- 
ferent pacing frequencies. At the highest plasma levels, 
the prolongation of the impulse conduction times in- 
creased with increasing pacing frequencies: at pacing 
rates of 170, 200, and 260 beats/min, the increases in 
stA interval were 3.2 + 1.0, 4.4 + 1.7, and 6.3 + 1.3 
msec (mean + SEM), respectively. The increases in 
HV interval were 4.8 + 1.1, 6.0 + 1.5, and 8.0 + 1.9 
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Figure 2. Changes in atrial and AV nodal refractoriness at different 
plasma concentrations of bupivacaine. Abbreviations: AERP, atrial 
effective refractory period; AVFRF, AV nodal functional refractory 
period. Values are mean + SEM, n = 6. *P < 0.05. 


msec, respectively; in ORS width, 6.8 + 2.1, 7.6 + 
2.2, and 10.3 + 2.9 msec, respectively. The AH in- 
terval increased 6.8 + 2.2 and 10.0 + 3.1 msec at 170 
and 200 beats/min, respectively. At 260 beats/min, AV 
block of second degree (Wenckebach block) was in- 
duced in two out of six dogs, while the AH interval 
was 21.0 + 2.1 in the remaining four dogs. 


Refractortness and Action Potential Duration 


At a pacing frequency of 230 beats/min, the control 
value for atrial effective refractory period was 98 + 5 
msec (mean + SEM, n = 6), and for AV nodal func- 
ional refractory period, 228 + 13 msec (mean + SEM, 
n = 6). The atrial and AV nodal refractoriness did not 
change at the lowest plasma levels of bupivacaine, 
but at the highest level a significant increase was seen 
(Fig. 2). Also at pacing rates 170, 200, and 260 beats/min, 
bupivacaine at.the highest plasma level significantly 
increased atrial and AV nodal refractoriness. 

As shown in Table 2, bupivacaine did not signifi- 
cantly change the ventricular effective (VERP) or func- 
tional (VFRP) refractory period at any of the three 
plasma levels. Neither 50 nor 90% repolarization times 
for the monophasic action potentials (VMAPDso and 
VMAP Doo) significantly changed at any of the three 
bupivacaine plasma levels. This lack of effect on ven- 
tricular MAP duration and refractoriness was found 
at spontaneous heart rate and at all pacing rates from 
170 to 260 beats/min. 
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Table 2. Ventricular Refractoriness and Action 
Potential Duration after Intravenous Administration 
of Bupivacaine’ 


Changes (msec) at different plasma 
levels of bupivacaine (ng/ml) 


Control 
values (msec) 221 + 26 927 + 99 2138 + 187 
VERP* 119 + 8 02 4+3 21 
VFRP* 159 + 5 nae ee 3+1 0+1 
VMAPDs> 128 + 10 See Are O= 3 
VMAPD,° 119 + 9 PE 0+ 3 29 
VMAPDəæ” 163 + 13 a3 3 023 1+4 
VMAPDəæ 152 + 11 —2+2 223 0+ 2 
"Values are mean + SEM, n = 6. None of the changes were statistically 
significant. 


’Spontaneous heart rate. 

‘Pacing rate 230 beats/min. 

Abbreviations: VERP, ventricular effective refractory period; VFRP, ven- 
tricular functional refractory period; VMAPDso and VMAPDs, Time for 50 
and 90% repolarization of ventricular monophasic action potentials, 
respectively. 


Discussion 


In this experimental study we investigated the cardiac 
electrophysiologic and hemodynamic effects at dif- 
ferent plasma levels of bupivacaine. At bupivacaine 
concentrations below 1000 ng/ml, no significant ef- 
fects were seen, but at about 2000 ng/ml, impulse 
conduction time in all parts of the heart was pro- 
longed, atrial and AV nodal refractoriness was pro- 
longed, and left ventricular inotropy decreased. 

We recently showed that thoracic epidural anal- 
gesia induced with bupivacaine (0.7 mg/kg) signifi- 
cantly prolongs AV nodal impulse conduction time 
and refractoriness in the dog, as well as prolonging 
ventricular refractoriness and monophasic action po- 
tential duration (5). Thoracic epidural analgesia also 
had marked hemodynamic effects (6). We measured 
plasma levels of bupivacaine after thoracic epidural 
injection of 0.7-1.2 mg/kg in dogs (5,7). The plasma’ 
levels varied considerably. In six of the seven dogs, 
peak plasma levels of bupivacaine averaged 425 ng/ml 
(range 153-905 ng/ml). At the time of maximal elec- 
trophysiologic effects, however, the plasma level 
had decreased to 239 ng/ml (range 114-431 ng/ml). 
Comparing these results with the results of the pres- 
ent study indicates that systemic effects from ab- 
sorbed bupivacaine do not contribute to the observed 
cardiac electrophysiologic and hemodynamic effects 
of thoracic epidural analgesia. These effects of tho- 
racic epidural analgesia are probably mainly caused 
by a reduced sympathetic neural influence on the heart. 
In one dog, however, a peak plasma concentration of 
2696 ng/ml was achieved. Although at the time of 
maximal electrophysiological effects the plasma level 
was reduced to 646 ng/ml, an initial contributing effect 
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from absorbed bupivacaine probably cannot be ex- 
cluded in this dog. 

It is well known that plasma levels of local anes- 
thetics vary widely in patients treated with different 
regional anesthetic techniques. Systemic absorption 
if related primarily to site of injection, dosage, and 
presence or absence of vasoconstrictor agent in the 
anesthetic solution. Mean peak plasma concentra- 
tions of 3290 and 2330 ng/ml have been measured after 
bilateral intercostal and lumbar epidural nerve block- 
ade induced with 400 and 225 mg of bupivacaine, 
respectively (13,14). Bupivacaine plasma levels up to 
3330 ng/ml have been found after axillary plexus 
blockade (15) and have recently been estimated to 
have been higher than 1800 ng/ml during Bier block 
with the cuff still inflated (3,16). This implies that 
plasma concentrations of bupivacaine that have sig- 
nificant cardiac electrophysiologic and hemodynamic 
effects may be achieved in patients during different 
regional nerve blockades in the absence of intravas- 
cular injection. 

The present study was carried out in dogs during 
pentobarbital anesthesia. Several cardioactive drugs, 
including local anesthetics with similar effects as bu- 
pivacaine, have been demonstrated to have the same 
cardiac electrophysiologic effects in pentobarbital- 
anesthetized dogs as in humans (17,18). At plasma 
concentrations found with surgical anesthesia, direct 
effects of pentobarbital on the cardiovascular system 
are probably small (8,19), although an interaction of 
pentobarbital with the results obtained in this study 
cannot be excluded. 

Pentobarbital has indirect cardiac effects through 
its influence on the autonomic nervous system. It seems 
to increase sympathetic (20-23), and markedly re- 
duces vagal, nervous activity (24-26). Therefore, dur- 
ing pentobarbital anesthesia there will be a relative 
enhancement of the sympathetic nervous tone, as re- 
vealed by the high spontaneous heart rate seen in the 
present study. In conscious, resting humans and dogs, 
the heart rate is determined mainly by vagal influence 
(27). Apprehension and pain from surgery or other 
trauma, however, increase sympathetic nervous tone 
(28-30). Although one should be extremely careful in 
extrapolating from dogs to humans, the experimental 
model chosen to study cardiac effects of bupivacaine 
may thus be relevant to clinical situations in which 
bupivacaine is administered to patients under stress. 

In the present study, bupivacaine at the highest 
plasma level depressed left ventricular dP/dt max, while 
heart rate and mean aortic blood pressure remained 
unchanged. Jorfeldt et al. (31) also found no effect on 
heart rate and blood pressure at similar plasma levels 
of bupivacaine in awake dogs. At higher doses and 
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plasma levels, however, bupivacaine seems to have 
more profound hemodynamic effects. But the results 
of different studies have been conflicing, partly de- 
pending on whether general anesthesia was used or 
not. Thus bupivacaine increased heart rate and blood 
pressure in awake dogs and sheep (32,33), but was 
associated with progressive bradycardia and arterial 
hypotension in pentobarbital-anesthetized dogs (34). 
In isolated heart preparations, bupivacaine in high 
concentrations depresses heart rate and contractility, 
indicating a direct cardiodepressive effect (35-37). 

We found that bupivacaine at the highest plasma 
level had a marked depressive effect on AV nodal 
impulse transmission. This is in accordance with the 
findings of Yoshida (38), who showed that bupiva- 
caine, although at high concentrations, had a potent 
direct depressive effect on AV nodal conduction in 
the dog heart in situ, and those of Kotelko et al. (33), 
who found that bupivacaine induced AV nodal block 
in 60% of the conscious sheep studied. In the isolated 
rat heart preparation, bupivacaine markedly de- 
pressed AV nodal impulse conduction (39). However, 
Block and Covino (35) found the AV node to be more 
resistant than atrial and ventricular conduction path- 
ways to the depressive effect of bupivacaine in the 
isolated rabbit heart. 

Bupivacaine has been shown to protect against dig- 
italis- and epinephrine-induced arrhythmias in an- 
esthetized dogs (40,41). In other studies, on the con- 
trary, bupivacaine has induced serious arrhythmias 
in awake sheep and lightly anesthetized cats (33,42), 
as well as in patients after induction of regional nerve 
blocks (1-4, 43). Most cardiac arrhythmias are thought 
to be caused by reentry phenomena, or a combination 
of abnormal impulse initiation and reentry. Usually 
a combination of slowed conduction and unidirec- 
tional conduction block provides the conditions nec- 
essary for reentry to occur. This may be seen in cardiac 
tissue influenced by disease, e.g., ischemia, acidosis, 
electrolyte disturbances, or drugs. The electrophysi- 
ologic effects of bupivacaine seen at the highest plasma 
levels in this study might well enhance susceptibility 
to reentrant arrhythmias, especially in the ventricles 
where impulse conduction was depressed while no 
change was seen in refractoriness or action potential 
duration. In one dog, ventricular fibrillation was in- 
duced during ventricular pacing at a very high plasma 
concentration of bupivacaine (which was probably 
caused by a maladjustment of the infusion pump). 

In summary, this study. indicates that systemic ef- 
fects from absorbed drug do not contribute to the 
cardiac electrophysiologic (5) and hemodynamic (6) 
effects seen in dogs during thoracic epidural analgesia 
induced with 0.7-1.2 mg/kg bupivacaine. The effects 
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of thoracic epidural analgesia are thus mainly caused 
by reduced sympathetic neural influence on the heart. 
At higher plasma levels that may occasionally be 
achieved by systemic absorption during regional 
anesthesia in humans, bupivacaine has, however, sig- 
nificant cardiac electrophysiologic and hemodynamic 
effects. These effects may enhance the susceptibility 
to reentrant arrhythmias in predisposed patients. 
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Choline Uptake, Acetylcholine Synthesis and Release, and 
Halothane Effects in Synaptosomes 


Gail V. W. Johnson, PhD, and Charles R. Hartzell, PhD 


JOHNSON GVW, HARTZELL CR. Choline uptake, 
acetylcholine synthesis and release, and halothane effects 
in synaptosomes. Anesth Analg 1985;64:395-9. 


Synap:esomes isolated from rat cerebra were used as a model 
to study the effects of halothane on choline uptaxe and ace- 
tylcholine synthesis and release processes. Synaptosomes are 
membrane-bound particles that are formed by gentle dis- 
ruption of brain tissue. These particles include the presy- 
napse, cleft, portions of postsynaptic membrane, and all 
other components contained in brain nerve terminals nec- 
essary for neurotransmitter synthesis, storage, and release. 
Halothane (3% in air, vol/vol) caused a “‘competitive-like”’ 
inhibition of choline uptake in synaptosomes but had no 
effect an the enzymatic activity of choline acetyl-transferase 


There is considerable evidence to implicate acetyl- 
choline (ACh) as an important neurotransmitter for 
the maintenance of consciousness. It has been dem- 
onstrated that ACh is involved in cortical arousal (1) 
and there is excellent evidence that the ascending 
reticular activating system is cholinergic (2). ACh also 
induces firing of neurons in the sensory cortex, ac- 
companied by long after-discharges, which are nec- 
essary for sensory awareness (3). The role of ACh in 
maintaining the conscious state makes it important to 
understand the effects of anesthetics on ACh metab- 
olism. One of the most frequently used anesthetics 
for the maintenance of narcosis is halothane. Some 
of the effects of this anesthetic on cholinergic pro- 
cesses have been studied in vitro as well as in vivo. 
In rat brain slices (4) halothane caused a decrease in 
ACh content and inhibited the incorporation of label 
from [2-'4C] pyruvate into ACh by approximately 50%. 
Schmidt (5) demonstrated that halothane causes an 
increase in ACh content in the brain. The increases 
in ACh levels varied with the depth of anesthesia and 
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(ChAT). Three percent halothane depressed synaptosomal 
acetylcholine (ACh) synthesis by 86% while ACh release 
from synaptosomes was inhibited 50%. It is suggested that 
halothane inhibits ACh synthesis by directly interfering with 
the carrier-mediated transport system of choline. Since hal- 
othane also inhibits ACh release, as well as choline uptake, 
it is probable that the anesthetic ts acting upon more than 
one site in these cholinergic nerve terminals. These data 
require an interpretive evaluation that cannot fit the “un- 
itary” hypothesis as the mechanism of action of general 
anesthetics. 


Key Words: ANESTHETICS, voratiLe—halothane. 
ACETYLCHOLINE —-cerebral. BRAIN—acetylcholine. 


among brain regions, with the largest increase being 
in the cortex. It was concluded that depression of 
neuronal activity during halothane anesthesia de- 
creased the amount of ACh released, and therefore 
caused an elevation in the level of ACh. However, 
Ngai et al. (6) found that halothane treatment did not 
change ACh concentrations in the brain, although the 
turnover rate was depressed. In their conclusion, the 
authors stated that “the question in respect to neu- 
ronal uptake of choline and choline acetyltransferase 
as affected by halothane remains open for further 
“studies. These studies are necessary because halo- 
thane decreased the turnover rate of acetylcholine 
uniformly in all regions of the brain (6).” 

In this study we have attempted to answer the 
questions raised by Ngai et al. (6). We have investi- 
gated in detail the effects of halothane on cholinergic 
function by examining its effects on choline uptake, 
choline acetyltransferase activity (ChAT), and ACh 
synthesis and release in synaptosomes. 


Methods 


Synaptosomal Preparation 


The synaptosome isolation procedure was modified 
from Booth and Clark (7). Three to six male Sprague- 
Dawley rats (200-250 g) from Parco Scientific Com- 
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pany (Wenonah, NJ) were sacrificed by decapitation. 
The brains were removed, rinsed with ice-cold iso- 
lation medium containing 0.32 M sucrose, 5 mM N- 
2-hydroxyethyl piperazine-N’-2-ethane sulfonic acid 
(HEPES), and 100 uM neostigmine; pH 7.4 and the 
cerebra were isolated. All preparative steps were car- 
ried out at 4°C. The cerebra were gently homogenized 
in 50-60 ml of isolation medium using a Dounce ho- 
mogenizer (B pestle). The homogenate was sedi- 
mented at 1300 x g for 5 min at 4°C. The supernatant 
was removed and sedimented at 17,000 x g for 10 
min. The supernatant was discarded and the pellet 
was suspended in 15% (wt/wt) Type 400 Ficoll to give 
a final Ficoll concentration of 12% (final volume ap- 
proximately 25 ml). The mixture was transferred to a 
40 ml polyallomer tube and covered with 10 ml of 
7.9% Ficoll followed by 5 ml of isolation medium. The 
synaptosomal preparation in the discontinuous gra- 
dient was subjected to centrifugal force for 50 min at 
96,300 x g ina Beckman L2-65B ultracentrifuge. The 
synaptosomal fraction at the 7.5%/12% Ficoll interface 
was removed and suspended in 50 ml of salt medium 
containing 140 mM NaCl, 5 mM KCI, 1.2 mM MgCh, 
20 mM HEPES, and 100 uM ethylenediamine tetra- 
acetic acid (EDTA), pH 7.4. The suspension was sed- 
imented at 5500 x g for 5 min. The supernatant was 
discarded and the pellet was resuspended in 5 ml of 
salt medium. Protein was determined by the biuret 
method using bovine serum albumin (BSA) as a stan- 
dard (8). The suspension was diluted to a final con- 
centration of 2 mg protein/ml in salt medium and then 
0.2 g BSA/100 ml (0.2%) was added. 


Description of Respirometer 


The respirometer consisted of a “flowboard” through 
which the flow of air could be accurately regulated 
(+ 0.1 ml/min) for each of eight outlets. There weré 
two separate manifolds, each with 4 outputs, thus 
allowing controls (air only) to be run side-by-side with 
synaptosomes being exposed to halothane. Halo- 
thane was introduced to the air stream with a Drager 
Vapor 19 vaporizer. The gas streams were humidified 
by passage through bubble chambers filled with water 
before flowing through reaction vessels containing 
the synaptosomal mix that was immersed in a 32°C 
waterbath. 


[Methyl-H]Choline Uptake 


The synaptosomal suspension (5 ml, 2 mg protein/ml) 
was placed in each reaction vessel. Neostigmine (100 
uM), antifoam spray (20 wl, AH Thomas Company, 
Philadelphia, PA), sodium pyruvate (5 mM) and 
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[methyl-H]choline chloride (0.5-10 uM) were added 
to each reaction vessel. Air or halothane/air (vol/vol) 
was passed through the suspension at a flow rate of 
2.5 ml/min. The synaptosomes were exposed to the 
air or halothane/air for 15 min before beginning the 
uptake studies. The vessels were then placed in an 
ice bath, and when the temperature of the suspension 
reached 4°C, 1 wCi of [methyl--H]choline chloride (80 


- Ci/mmol) was added. After 1 min, two 300-1 samples 


were removed from each vessel and added to 1 ml of 
ice-cold salt medium containing 200 uM choline 
chloride and immediately sedimented for 5 min in a 
refrigerated Eppendorf Centrifuge 5412. These sam- 
ples were used as blanks. The vessels were then in- 
cubated in the 32°C water bath and the sampling pro- 
cedure was repeated at designated intervals up to 90 
min. After the samples were sedimented, the super- 
natant was removed and the pellet was rinsed with 
1 ml of ice-cold salt medium. Lysing of the synap- 
tosomal pellets was achieved by the addition of 0.25 
ml of water to each pellet and pellets were stored 
overnight at 4°C. Then 4.0 ml Aquasol (New England 
Nuclear, Boston, MA) was added for liquid scintil- 
lation counting. Kinetic values for [methyl--H]choline 
uptake were determined using Lineweaver-Burk anal- 
ysis. All statistical comparisons were made using Stu- 
dent’s t-test for the means of two samples. 


Choline Acetyltransferase Activity (ChAT) 


ChAT activity was determined in the synaptosomes 
using a modification of the technique of Fonnum (9). 
Synaptosomes were suspended in an incubation me- 
dium containing 300 mM NaCl, 50 mM sodium phos- 
phate, 20 mM EDTA, 1 mM neostigmine, and 0.5% 
Triton X-100, pH 7.4 at a concentration of 12 mg pro- 
tein/ml. Then, 50 ul of a substrate mixture containing 
the incubation mixture without the Triton X-100 but 
with 2.1 mM [1-“C]acetyl-CoA (35 mCi/mmol) and 16 
mM choline-bromide was placed in small reaction ves- 
sels and exposed to air or 3 or 4% halothane/air (vol/vol) 
to equilibrate the solutions. After 10 min, 50 ul of the 
synaptosomal mixture was added to the substrate so- 
lution and the mixture was incubated for another 30 
min. The mixture was then placed on ice and “C- 
ACh was extracted as described by Fonnum (9). The 
reaction rate was shown to be linear under these con- 
ditions for 60 min. Purified ChAT (Sigma Chemical 
Company, St. Louis, MO) was used as a standard 
during the procedure. 


Acetylcholine Synthesis and Release 


Depletion of synaptosomal Ach was achieved by 
preincubation in a high K* medium. The synapto- 
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Figure 1. Lineweaver—Burk analysis of choline uptake. 3% halo- 
thane/air (vol/vol) does not cause a significant change in the Vinax 
value, but does significantly increase the K,, value. 


somes were suspended in an ACh “depletion” me- 
dium containing 230 mM sucrose, 35 mM KCI, 1.2 
mM MgCh, 1.2 mM CaCl, and 20 mM HEPES, pH 
7.4 at a concentration of 2 mg protein/ml. This mixture 
was placed in the respirometer at 32° C for 10 min. 
At the end of the depletion period the synaptosomes 
were sedimented at 5500 x g for 5 min, resuspended 
in a synthesis medium containing 120 mM NaCl, 5 
mM KCI, 1.2 mM MgCh, 1.2 mM CaCl, 20 mM HEPES, 
5 mM sodium pyruvate, and 10 uM choline chloride, 
pH 7.4 at a concentration of 2 mg protein/ml, placed 
in the respirometer with 50 wl of antifoam, and ex- 
posed to either air or 3% halothane/air (vol/vol). At 
0, 30, and 60 min, 200 ul samples were taken, placed 
in 500 pl of ice-cold salt medium and sedimented for 
5 min in a refrigerated Eppendorf centrifuge. The pel- 
lets were rinsed twice with two volumes of ice-cold 
salt medium and then resuspended in 200 yl of salt 
medium with 0.5% Triton X-100 with or without 100 
uM neostigmine and placed on ice. Acetylcholine lev- 
els were determined using the chemiluminescent 
technique of Israel and Lesbats (10). All measure- 
ments were made using an LKB Luminometer 1250. 
After the initial 60-min exposure to air or 3% halo- 
thane/air (vol/vol), the halothane was turned off and 
both of the synaptosomal mixtures were exposed to 
just air for another 30 min. At the end of this period, 
samples were taken and treated as described above. 
Total ACh levels in the synaptosomes were deter- 
mined by subtracting the value determined for the 
sample with neostigmine from the value without neo- 
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Table 1. The Effects of 4% Halothane on ChAT Activity 


4% halothane/air 


Air (vol/vol) 
Synaptosomal ChAT (w = 12) 1531 + 64 1589 + 62 
(cpm/mg protein) 
Purified ChAT (n = 10) 777 + 54 737 + 30 


(cpm/0.25 U) 


All values + SEM. 


stigmine. ACh synthesis rate was calculated by sub- 
tracting the ACh level determined at 0 time from the 
total ACh level measured and dividing by the time. 

To determine ACh release the synaptosomes were 
depolarized as described above and then placed in 
the synthesis medium for 1 hr. At the end of this 
period they were sedimented for 5 min at 5500 x g. 
The pellet was rinsed twice with salt medium and 
resuspended in a small volume of release medium 
that was the same as the synthesis medium but with 
the addition of 35 mM KCI, 100 uM neostigmine, and 
20 uM hemicholinium-3. The suspension was then 
added to four volumes of depletion medium (that had 
been preequilibrated with air or 3% halothane/air in 
the respirometer) at a concentration of 2 mg pro- 
tein/ml with 50 pl of antifoam. After 30 min, 200-yl 
samples were taken and immediately sedimented in 
a refrigerated Eppendorf centrifuge and ACh levels 
were measured in the supernatant as described above. 
The rate of ACh release was calculated by dividing 
the total ACh in the supernatant by 30 min. 


Results 
[Methyl--H]Choline Uptake 


e The apparent K,,, for [methyl--H]choline uptake under 
control conditions (air only) was determined to be 4.69 
+ 1.09 uM (n = 4) and the Vmax was 9.97 + 0.88 
pmol.min~ 'mg~' protein (n = 7). The determinations 
for choline uptake were made over the first 15 min. 
Halothane (3%) caused a significant increase (P < 
0.02) in the apparent K,,, (10.44 + 2.16 M, n = 4), but 
only a small increase in the Vmax (12.89 + 3.34 
pmol-min~ 'mg™~! protein, n = 4). A Lineweaver-Burk 
plot of a typical experiment is shown in Figure 1. 


Choline Acetyltransferase Activity 


The level of ChAT activity in synaptosomes was de- 
termined to be 0.47 + 0.2 nmol.min~!mg~! protein 
(n = 4). Neither 3 nor 4% halothane (Table 1) had 
any effect on purified or synaptosomal ChAT. These 
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Table 2. The Effects of 3% Halothane on Acetylcholine Synthesis and Release 


Control 
(pmol-min~ ''mg~! protein) 
ACh synthesis (n = 4) 18.00 + 4.01 
ACh release (n = 4) 19.57 + 1.73 


All values + SEM. 


results are not surprising since ChAT is not a primary 
factor in the regulation of ACh levels in the brain (11). 


Acetylcholine Synthesis and Release 


The rates for ACh synthesis and release were similar 
to those determined by other investigators in syn- 
aptosomes (12,13). Halothane (3%) greatly depressed 
both ACh synthesis (P < 0.005) and release (P < 0.02), 
although it had its greatest effect on ACh synthesis 
(Table 2). The depression of ACh synthesis by 3% 
halothane was completely reversible. If halothane- 
treated synaptosomes were exposed to air for 30 min, 
the ACh synthesis rates returned to normal levels 
(Table 3). 


Discussion 


Halothane is one of the most commonly used anes- 
thetics. It depresses the central nervous system uni- 
formly, does not induce electrocortical seizures, and 
depresses the sympathetic nervous system (6,14). 
Halothane also has a pronounced effect on ACh that 
plays an important role in the maintenance of con- 
sciousness (2). Halothane decreases the turnover of 
ACh in the brain (6), and inhibits the transfer of ra- 
dioactivity from [2-'*C]pyruvate to ACh in brain slices 
(4). Since ACh is an important neurotransmitter in- 
volved in consciousness, it is important to understand 
the mechanisms underlying these observations. Ngai. 
et al. (6) commented that more research needed to be 
done to determine whether the inhibition of ACh 
turnover and synthesis by halothane is due to an in- 
terference with choline transport, direct inhibition of 
ChAT, or altered energy metabolism. 

We addressed these problems by studying the ef- 
fects of halothane on ACh synthetic processes in syn- 
aptosomes. Synaptosomes include the presynapse, 
cleft, and postsynaptic components of brain synapses 
(15), and anesthetics are known to act on the central 
nervous system synapses (16). Synaptosomes are also 
able to carry on many of the processes that take place 
in nerve terminals in vivo (15) and maintain their 
integrity for over 8 hr under the appropriate condi- 
tions (Johnson and Hartzell, unpublished observa- 
tions). Therefore, they are an excellent in vitro model 
system to study the effects of anesthetics. 


3% Halothane 
(pmol-min~'-mg~! protein) 


2.54 + 1.47 14% 
9.86 + 2.27 50% 


% of control 


Choline for acetylcholine synthesis is transported 
into cholinergic nerve terminals by a carrier-mediated 
system that has a high affinity for choline (17,18). 
Synaptosomes have been used extensively to study 
this process (19,20,21). We have demonstrated that 
halothane inhibits [methyl“H]choline uptake in syn- 
aptosomes. This inhibition of choline uptake by hal- 
othane appears to be “competitive-like” (Fig. 1). The 
K,, values were significantly different while the V max 
values were not. On the other hand, ChAT activity 
was unaffected by halothane (Table 1). Since halo- 
thane significantly depressed ACh synthesis (Table 
2), but did not affect ChAT, this would point to cho- 
line transport as being a site of action of halothane. 
This effect by halothane on choline uptake is com- 
patible with the simple binding model of Franks and 
Lieb (22). This hypothesis states that, “general an- 
esthetics act by binding directly to a particularly sen- 
sitive protein (which may or may not be membrane- 
bound) and inhibiting its normal function.” It is there- 
fore suggested that halothane inhibits ACh synthesis 
by directly interfering with the carrier-mediated trans- 
port system of choline. This interpretation of our re- 
sults is also supported by Richards (16) who con- 
cluded, “it is more realistic to abandon a unitary theory 
of anesthetic action and postulate that the effects of 
an anesthetic at a particular site depend upon the 
precise structures of both anesthetic and binding site.” 
It must also be noted that a given anesthetic probably 
does not bind to or act upon just a single protein. 
Rather, it is more likely that several proteins are sen- 
sitive to a particular anesthetic. Since halothane in- 
hibits the release of ACh, as well as choline uptake, 
it is suggested that it is acting upon more than one 
site in cholinergic nerve endings. 

In the synaptosomes, the effect of halothane on 
ACh synthesis is completely reversible (Table 3). After 
halothane is removed from the system, the rate of 
ACh synthesis returns to normal or slightly elevated 
levels. The ability of synaptosomes to “recover” from 
halothane exposure is an important characteristic of 
the model system. 

The concept of an anesthetic inducing narcosis by 
binding to a specific sensitive protein(s) and thereby 
inhibiting normal function has just recently started to 
gain favor as the most likely mechanism for anesthetic 
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Table 3. The Effects of Removing Halothane from the 
System on the Rate of Acetylcholine Synthesis 
in Synaptosomes 





Initial 60 min 


Air 13.45 + 2.07 
3% halothane 1.90 + 0.73 


Additional 30 min of air only 


10.38 + 1.71 
17.48 + 1.74 


All values expressed as pmols ACh/min/mg protein + SEM ("n = 4). See 
text for further explanation. 


action (16,22). Previous to this, “unitary” hypotheses 
were mosi popular. These theories suggest that an- 
esthetics exert some “general” effect on the CNS and 
thereby induce narcosis (23,24,25). However, there is 
no effect on synaptic transmission that is common to 
all general anesthetics and all synapses (16). Also, 
many anomalies have been demonstrated in the “un- 
itary” hypotheses. Therefore, there has been a move 
toward theories involving nonunitary molecular 
mechanisms of general anesthesia (26,27,28). Consid- 
ering these facts, we propose that halothane inhibits 
ACh synthesis by interfering with the carrier- 
. mediated choline transport system and also binds to 
other sensitive proteins inhibiting their normal func- 
tion and it is the cumulative effect of specific inter- 
actions that depresses ACh synthesis. 


The authors thank LKB Instruments, Inc, Gaithersburg, MD for 
their generous loan of the LKB Luminometer 1250. We also thank 
Dr. Richard Jope for critically reviewing the manuscript. 
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The effect of etomidate on the developed force of isometrically 
contracting rabbit papillary muscles in modified Krebs— 
Henseleit bicarbonate medium was evaluated under various 
stimulation conditions to gain insight into the mechanism 
underlying the negative inotropic effect of this anesthetic. 
Myocardial depressant effects of etomidate (2 and 4 mg/L) 
on steady-state contractions at low stimulation frequencies 
(0.1-0.5 Hz) were more pronounced than the effects on 
either steady-state contraction at high stimulation frequen- 
cies (1.0-2.0 Hz) or the effects on post-rest potentiated state 
contractions. Increases in the concentration of extracellular 
Ca** from an initial level of 2.5 mM to 3.4-4.0 mM re- 


versed the effect of 2 mg/L of etomidate, whereas an increase 
to 4.6-5.0 mM was required to reverse the effect of 4 mg/L 
of etomidate. The dependence of post-rest potentiation on 
the duration of the preceding rest period was virtually un- 
affected by etomidate. These results suggest that etomidate 
inhibits the influx of extracellular Ca?* but has little effect 
on the availability of intracellular Ca**+ required for the 
activation of myocardial contractile activity. Because the 
concentrations of etomidate required to produce negative 
inotropic responses in the present study are substantially 
greater than those likely to be achieved under clinical con- 
ditions, the present results also suggest that negative ino- 
tropism is unlikely in patients with normal hearts. 


Key Words: ANESTHETICS, INTRAVENOUS—etomi- 
date. 





Although the intravenous general anesthetic etomi- 
date has negative inotropic effects, these are consid- 
erably less than those of thiopental at equianesthetic 
concentrations (1). To gain insight into the mecha- 
nism underlying the negative inotropic effect of etom- 
idate, we evaluated the effect of etomidate on the 
developed force of isometrically contracting rabbit 
papillary muscles under various stimulation condi- 
tions. An increase in stimulation frequency enhances 
myocardial developed force by increasing the influx 
of extracellular Ca?* per unit time. (2). This increase 


in force is not sensitive to the action of ryanodine, ane 


inhibitor of sarcoplasmic reticulum function (3), and 
the sarcolemma has been proposed as the site of Ca** 
. accumulation that accompanies an increase in stim- 
ulation frequency (4). In contrast, potentiated-state 
contractions appear to be determined largely by Ca** 
stored in and released from the sarcoplasmic reticu- 
lum, because they are sensitive to the action of ry- 
anodine (4). Thus studying the effect of a drug on 
developed force under different stimulation condi- 
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tions permits an assessment of the effect of the drug 
on the availability of extracellular and intracellular 
Ca**, both of which are involved in the activation of 
mammalian myocardial contractile activity (5). 


Materials and Methods 


Rabbits weighing about 2 kg (n=13) were anesthe- 
tized by intravenous injection of pentobarbital (ap- 
proximately 45 mg/kg). A papillary muscle was iso- 
lated from the right ventricle of each heart. The muscle 
was mounted vertically in a tissue bath (45 ml) main- 
tained at 30°C. The isometric forces of contraction and 
muscle dimensions were measured as described ear- 
lier (6). Muscle cross-sectional area (mean + SD) was 
0.66 + 0.18 mm* (n= 13). The muscles were field 
stimulated by a pair of silver field electrodes using an 
American Electronics Laboratory stimulator Model 
104A. Stimuli 4-msec long and 1.5 times the threshold 
were used. The control medium was a modified 
Krebs—Henseleit bicarbonate of the following com- 
position: NaCl, 115 mM; KCI, 5.9 mM; MgCh, 1.2 
mM; NaH2PQO,, 1.2 mM; Na25Ox,, 1.2 mM; NaHCOs, 
25 mM; CaCl, 2.5 mM; and glucose, 5.6 mM. 
Ethylenediaminetetraacetate (EDTA), 50 uM, was 
added to chelate trace metals. The medium was equi- 
librated with a gas mixture of 95% O, and 5% CO}. 
Small aliquots (up to 90 yl) of etomidate solution con- 
taining 35% (vol/vol) of propylene glycol were added 


NEGATIVE INOTROPIC EFFECT OF ETOMIDATE 


(g/mm?) 


FORCE 





0.1 0.5 1.0 2.0 


FREQUENCY (Hz) 


Figure 1. Negative inotropic effect of etomidate at different stim- 
ulation frequencies. Mean + SEM (n = 7) are shown. (O), control; 
(A), etomidate 2 mg/L; (C), etomiate 4 mg/L. *P < 0.05, **P < 0.01, 
compared to corresponding control value (paired t-test). 


to obtain the desired concentrations of the anesthetic 
(2 and 4 mg/L). Equivalent amounts of propylene gly- 
col, without etomidate, were added to determine the 
effect of propylene glycol on the contractile activity 
of the muscle. After each change in the composition 
of the medium, contractile activity was measured after 
the force of contraction had stabilized (10-20 min). 
With seven muscles, the effects of etomidate on the 
force of steady-state contraction at various stimulation 
frequencies and the effects on the relationship be- 
tween the force of potentiated-state contraction and 
pre-rest period were studied in the following order: 
control; etomidate 2 mg/L; etomidate 4 mg/L; and re- 
placement of etomidate-containing medium by the 
control medium to test the reversibility of etomidate 
action. The reversal of the etomidate effect by increas- 
ing extracellular Ca?* concentration was studied with 
six muscles in the following order: control, Ca** 2.5 
mM, no etomidate; and etomidate 2 mg/L with a Ca?* 
concentration of 2.5, 3.0, 4.0, and 5.0 mM. This was 
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Figure 2. Frequency dependency of the negative inotropic effect 
of etomidate. Means + SEM (n = 7) of % inhibition calculated for 
each muscle are shown. At both concentrations of etomidate, the 


% inhibition at 2.0 Hz was significantly (P < 0.05, Tukey’s test) 


smaller than the % inhibition at 0.1 or 0.5 Hz. 


followed by replacement of the etomidate-containing 
medium by the control medium, etomidate 4 mg/L 
with a Ca?* concentration of 2.5, 3.0, 4.0, and 5.0 
mM. Potentiated-state contractions were elicited after 
a specified rest period after a steady-state at a stim- 
ulation frequency of 2.0 Hz (7). The effect of etomidate 
on the potentiated-state contraction elicited after a 


*2-sec interval was determined with all 13 muscles. 


Data were statistically evaluated by Student’s t-test or 
by analysis of variance and Tukey’s test (8). 


Results 


Etomidate (2-4 mg/L) had a small negative inotropic 
effect at all stimulation frequencies tested (Fig. 1). 
Although there was a variability in the developed 
force of individual muscles, the effects of etomidate 
were consistent and statistically significant (P < 0.05, 
paired t-test). The vehicle (propylene glycol) had no 
effect. The effect of etomidate on the force of con- 
traction at 1.0-2.0 Hz was readily reversed (within 20 
min) when the etomidate-containing medium was re- 
placed by the control medium, but the effect on the 
force of contraction at 0.1-0.5 Hz was not completely 
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Figure 3. Reversal of the negative inotropic effect of etomidate by 
increase in Ca?* concentration of the medium. Mean + SEM (n = 
6) of the developed force expressed as % of control (Ca?* 2.5 mM, 
no etomidate) are shown. Linear regression lines were drawn through 
the experimental points (r = 0.9946 and 0.9999, both F < 0.01 for 
etomidate 2 mg/L and 4 mg/L, respectively). Control values of 
developed force were (mean + SEM) 2.61 + 0.26 g/mm? for etom- 
idate 2 mg/L and 2.46 + 0.26 g/mm‘? for etomidate 4 mg/L. Although 
these values are higher than those of Figure 1, in terms of % in- 
hibition by etomidate (see Fig. 2), these two groups of muscles 
were very similar. 


(mM) 


reversed even 40 min after the replacement of the 
medium. Figure 2 shows the frequency dependence 
of inhibition by 2 and 4 mg/L of etomidate at increas- 
ing stimulation frequencies. The percent inhibition 
was significantly more pronounced at 0.1-0.5 Hz than 
at 2.0 Hz in the presence of both concentrations of 
etomidate (P < 0.05, analysis of variance and Tukey’s 
test). An increase in the concentration of extracellular 
Ca?* in the presence of etomidate increased the force 
of contraction linearly and, at sufficiently high con- 
centration, reversed the negative inotropic effect of 
etomidate. Figure 3 illustrates the linear relationship 
between the force of contraction at a stimulation fre- 
quency of 1.0 Hz expressed as the percent of control 
value and the extracellular Ca** concentration. From 
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Table 1. Estimated Extracellular Ca2+ Concentration for 
the Reversal of Etomidate Effect 





[Etomidate] Stimulation [Ca?*] for reversal of 
(mg/L) frequency (Hz) etomidate effect? 
2 0.1 3.7 
0.5 4.0 
1.0 3.4 
2.0 3.5 
4 0.1 4.7 
0.5 4.8 
1.0 4.6 
2.0 5.0 


"Estimated Ca** concentration for the force 100% of control in linear 
regression equations obtained from mean values of force {% of control, n = 
6) at four different concentrations of extracellular Ca?* (see Fig. 3 for an 
example at stimulation frequency of 1.0 Hz). 


Table 2. Effect of Etomidate on Potentiated- 
State Contraction 


Etomidate Developed force 
(mg/L) (g/mm?)* % Inhibition? 
0 2.81 + 0.27 | (0) 
2 2.66 + 0.25 541 
4 2.37 + 0.21° 15+ 2 


"Mean + SEM, (n = 13). "Mean + SEM, ("n = 13) of % inhibition for each 
muscle. ‘P < 0.01 compared to control (paired t-test). 


the estimated Ca?* concentrations (3.4 and 4.6 mM) 
at the points at which the linear regression lines in- 
tersect the 100% of control line, it can be seen that an 
increase in extracellular Ca** of 0.9 mM would be 
required to reverse the effect of 2 mg/L of etomidate 
and an increase of 2.1 mM would be required to re- 
verse the effect of 4 mM of etomidate. Similar results 
were obtained at stimulation frequencies of 0.1, 0.5, 
and 2.0 Hz, with linear relationships having corre- 
lation coefficients greater than 0.95 (P < 0.05). Esti- 
mated concentrations of Ca** for the reversal of 2 
mg/L of etomidate ranged from 3.4 to 4.0 mM (in- 
crease of 0.9-1.5 mM) and those for the reversal of 4 
mg/L of etomidate, 4.6 to 5.0 mM (increase of 2.1-2.5 
mM) for stimulation frequencies of 0.1-2.0 Hz (Table 
1). To determine the effect of etomidate on the avail- 
ability of intracellular Ca?*, we measured the rela- 
tionship between the force of post-rest potentiated- 
state contraction and the length of the pre-rest 
periods. As can be seen in Figure 4, etomidate did 
not change the shape of the force-rest curve, although 
there was a small change in the peak height. Table 2 
illustrates that the effects of etomidate on potentiated- 
state contraction (measured at 2-sec rest period) were 
comparable to those of steady-state contraction at a 
stimulation frequency of 2.0 Hz (see Fig. 2). 


NEGATIVE INOTROPIC EFFECT OF ETOMIDATE 
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Figure 4. Effect of etomidate on the relationship between the force 
of potentiated-state contraction and the length of preceeding rest 
period. The force of potentiated-state contraction is expressed as 
percent of corresponding steady-state value at 2.0 Hz. Mean + SEM 
(n = 7) are shown. (©), control; (A), etomidate 2 mg/L; (LÌ), etom- 
idate 4 mg/L. *P < 0.05 (paired t-test). 


Discussion 


The observed frequency dependence of the negative 
inotropic effect of etomidate resembles that of Ni**, 
La?+, and low extracellular Ca?* concentration (9) in 
that the effect is more pronounced at low than at high 
stimulation frequencies. In this regard, etomidate did 
not behave like the calcium channel blockers, vera- 
pamil and D600, which show a strong negative ino- 
tropic effect only at high stimulation frequencies (9). 
Among anesthetics and related drugs, diphenylhy- 
datoin (10) shows a frequency dependence of negative 
inotropy similar to that of etomidate, whereas thio- 
pental, methohexital, and ketamine (11) resemble cal- 
cium channel blockers in this regard. The effect of 
Ca?* concentration of the medium on the myocardial 
depressant effect of etomidate suggests that etomi- 
date may competitively inhibit the influx of extracel- 
lular Ca*~. The effect of etomidate on potentiated- 
state contraction was similar to that on steady-state 
at high stimulation frequencies and much less than 


that on steady-state at low stimulation frequencies, | 
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suggesting that any condition that increases the influx 
of extracellular Ca?* tends to reduce the etomidate 
effect. Unlike thiopental (7), etomidate had little effect 
on the force—rest relationship. This suggests that 
etomidate has little effect on the rate of intracellular 
transport of Ca?* that is proposed by Edman and 
Jóhannsson (2) as an important determinant of the 
length of the rest period that precedes an optimal 
post-rest potentiated-state contraction. In conclusion, 
the results of the present study suggest that etomidate 
primarily inhibits the influx of extracellular Ca** and 
has little effect on the availability of intracellular Ca** 
for the activation of myocardial contractile activity. 

The primary focus of the present study was the 
mechanism underlying the negative inotropic effect 
of etomidate. Even so, it is apparent from the results 
of the present study that the direct myocardial de- 
pressant effect of clinical doses of etomidate will be 
small. Total plasma concentrations of etomidate sim- 
ilar to those used in the present study (2~4 mg/L) may 
be attained briefly soon after injection of the induction 
dose of the anesthetic, but 4 min after injection of 0.3 
mg/kg of etomidate, the plasma concentration is only 
about 0.3 mg/L (12). Because of protein binding of 
etomidate, however, the free etomidate concentration 
in plasma will be even lower than the total plasma 
concentration, and a free etomidate concentration 
equivalent to 2-4 mg/L in protein-free medium used 
in the present study is unlikely to be achieved clini- 
cally. Thus the negative inotropic effect of clinical doses 
of etomidate is expected to be much smaller than the 
effects observed in the present study, at least in pa- 
tients with normal myocardial function, although the 
effect in patients with abnormal myocardial function 
may be greater. 
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The liguid/gas partition coefficients of three inhalation an- 
esthetics in Fluosol-DA 20% (Fluosol), a perfluorocarbon 
blood substitute, were determined in vitro. The high values 
found (6.68 for halothane, 7.54 for enflurane, and 7.20 for 
isoflurane) suggested that induction with these agents would 
be prolonged in patients treated with Fluosol. Induction of 
isoflurane anesthesia (as a representative agent) at constant 
inspired concentration was studied in five mongrel dogs 
before and after replacement of about: 25% of each animal's 
blood volume with Fluosol. Inspired and end-tidal isoflurane 
and carbon dioxide concentrations were recorded breath by 
breath, together with cardiac output. There was a significant 
delay in rise of end-tidal isoflurane concentration after Fluo- 
sol infusion. However, because cardiac output could not be 
held constant during each experiment, and because cardiac 


Fluosol-DA (Alpha Therapeutic Corporation, Los An- 
geles, CA) is an inert emulsion of two perfluorocar- 
bons, perfluorodecalin and perfluorotripropylamine, 
that is being tested experimentally as a substitute for 
blood (1). The perfluorocarbons dissolve large quan- 
tities of oxygen and can markedly increase the oxy- 
gen-carrying capacity of hemoglobin-poor blood. Un- 
like hemoglobin, the perfluorocarbons dissolve oxygen 
linearly with Po, (i.e., obeying Henry’s law). How- 
ever, like hemoglobin, Fluosol-DA unloads its dis- 
solved oxygen to the tissues, increasing oxygen de- 
livery to tissues in anemic patients (1). Two preparations 
of Fluosol-DA are currently being tested, one con- 
taining 20% and the other 35% perfluorocarbons by 
weight, respectively. The more common of the two, 
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output also affects the rate of rise of alveolar anesthetic 
concentration, a physiological computer model was used to 
compare the isoflurane blood/gas partition coefficients that 
must have existed to account for the observed end-tidal levels 
before and after Fluosol infusion, while taking cardiac out- 
put variation into account. Post-Fluosol blood/gas partition — 
coefficients calculated in this way (2.59 + 0.51 SD) were 
significantly different (P < 0.001) from pre-Fluosol levels 
(1.45 + 0.15 sD) and were not significantly different from 
post-Fluosol partition coefficients calculated by volume- 
weighted averaging (2.91 + 0.36 sD). This indicates that 
the delay observed was attributable in large part to increased 
solubility of isoflurane in blood after addition of Fluosol. 
Based on their similar liquid/gas partition coefficients in 
Fluosol, similar delays should occur with halothane and 
enflurane. 


Key Words: PHARMACOLOGY—Fluosol. SOLU- 
BILITY—partition coefficients in Fluosol. 


Fluosol-DA 20% (Fluosol), was used throughout this 
study. 

Because perfluorocarbons are immiscible with water, 
it was hypothesized that they would exhibit a rela- 
tively high affinity for the inhalation anesthetics, and 
that the liquid/gas partition coefficients of Fluosol 
and of Fluosol—blood mixtures would therefore be 


*increased above that of blood alone. This would have 


the effect of slowing induction of inhalation anes- 
thesia in patients having a significant percentage of 
Fluosol in their circulation. Because this might alter 
the clinical management of these patients, a study was 
instituted to determine the solubility of the three prin- 
cipal inhalation anesthetics in Fluosol, and to deter- 
mine the effects on anesthetic uptake of significant 
concentrations of Fluosol in blood. Because all three 
anesthetics exhibited similar solubilities in Fluosol (see 
below), only isoflurane, as a representative agent, was 
used to study anesthetic induction in vivo. 


Methods 


Liquid/gas partition coefficients for halothane, en- 
flurane, and isoflurane in Fluosol were determined as 
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follows. A 500-ml spherical flask with three ground- 
glass necks was prepared by epoxying three-way ny- 
lon Luer stopcocks into two ground-glass connectors, 
inserting these connectors into the two outer necks 
and closing the third, central neck with a ground- 
glass stopper. Ground-glass surfaces were sealed with 
a thin film of glycerine, and the two outer (stopcock- 
carrying) connectors were clamped down with plastic 
adhesive tape. The precise gas volume of the flask 
was determined by weighing before and after filling 
with water. 

Initially the flask was flushed with dry air contain- 
ing about 5% CO, and a percentage of anesthetic 
equivalent to approximately 2 MAC. The flask was 
then sealed and immersed in a water bath until equil- 
ibrated to 37°C. Excess pressure was then released, 
and the anesthetic concentration was measured (see 
below). 

Approximately 50 ml of Fluosol was then injected 
rapidly, while simultaneously venting the flask 
(through the second Luer stopcock) to expel the gas 
displaced by the liquid. The flask was then resealed 
and agitated continually in the water bath. Measure- 
ments of anesthetic concentrations in the gas phase 
were made at 7 min and at 14 min. 

A quadrupole mass spectrometer (BOC Medi- 
shield, Harlow, Essex, England) was used for mea- 
suring anesthetic concentrations. This was tuned to 
a mass-number/charge ratio of 47 and the gain was 
set to give adequate readings at the expected concen- 
trations. Unknown concentrations were then deter- 
mined by sampling first from a standard jar and then 
immediately from the flask containing the unknown. 
In order to determine the amount of anesthetic lost 
from the flask due to sampling, the pressure in the 
flask was measured (by means of an aneroid manom- 
eter) before and after taking the sample. Standard jars 
for each anesthetic were prepared by the method of*® 
Allott et al. (2). . 

Liquid/gas partition coefficients (A) for each gas 
were computed for each anesthetic agent using equa- 
tion (9) given in the Appendix. Two determinations 
were made for each agent. 

To determine whether the rise of the end-tidal con- 
centration of an inhalation anesthetic is delayed be- 
cause of the presence of Fluosol, five experiments 
were undertaken on mongrel dogs (22-24 kg). Each 
animal was first anesthetized with pentobarbital (30 
mg/kg), paralyzed with metocurine (0.5 mg/kg), in- 
tubated, and ventilated with air through a standard 
circle system using a Ventimeter ventilator (Air-Shields, 
Hatboro, PA). A 16-gauge intravenous cannula was 
placed in a femoral vein and a 14-French catheter into 


e CHILCOAT ET AL. 


a femoral artery. Sampling capillaries for two LB-2 
infrared gas analyzers (Beckman Instruments, Schiller, 
IL), calibrated for CO, and isoflurane, respectively, 
were placed down the endotracheal tube. A 7.5-French 
pulmonary-artery catheter was placed through a jug- 
ular vein for cardiac output measurements. Ventila- 
tion rate and tidal volume were adjusted until a stable 
end-tidal CO, concentration of 5% was achieved (ap- 
proximately 2 hr after pentobarbital and metocurine). 
Body temperature was maintained constant by ad- 
justing room temperature and by heating and hu- 
midifying inspired gases. 

Isoflurane was then added to the breathing mixture 
for 20 min by manually adjusting a vaporizer to achieve 
rapidly and then maintain an inspired concentration 
of isoflurane (as measured on the infrared analyzer) 
at 1%. Breath-by-breath inspired and end-tidal levels 
were recorded to produce an uptake curve. Cardiac 
output was measured at 10-min intervals. 

At the end of this inhalation induction, isoflurane 
was then washed out for at least 2 hr (to an end-tidal 
level of below 0.05%) using a nonrebreathing circuit. 
The circle breathing system was also purged of iso- 
flurane. Supplemental doses (half the original) of pen- 
tobarbital and metocurine were then given. During 
this washout period, 750 ml of blood was removed 
rapidly (in less than 2 min) via the catheter in the 
femoral artery. The blood removed was immediately 
replaced by 1000 ml of Fluosol. The fluorocrit, a method 
of expressing the volume percentage of circulating 
perfluorocarbons, analogous to hematocrit, was mea- 
sured. Cardiac output was reduced toward pre-F!uo- 
sol levels with propranolol (7-10 mg), verapamil (10-15 
mg), or both, in four dogs. After ventilation was read- 
justed again to achieve a stable end-tidal CO, con- 
centration of 5%, a second inhalation induction was 
performed. 

Because an increase in cardiac output also delays 
the rise of alveolar tension during induction of in- 
halation anesthesia, and because cardiac output was 


‘never reduced exactly to pre-Fluosol levels, it was not 


possible to compare directly the pre- and post-Fluosol 
uptake curves. Therefore, the results were analyzed 
in such a way as to nullify the effect of any variation 
in cardiac output. To do this, a physiological com- 
puter model of anesthetic uptake was given the mea- 
surements of inspired isoflurane concentration and 
cardiac output. An iterative process was then em- 
ployed to determine what value of the blood/gas par- 
tition coefficient (As) used in the model produced the 
lowest mean squared error between the measured 
values of end-tidal isoflurane and those predicted from 
the model. A comparison of pre- and post-Fluosol Ag 
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values calculated in this way was then made using 
the analysis of variance to determine whether they 
were significantly different. 

The model used was essentially Mapleson’s model 
“P” (3) as modified by Chilcoat (4,5) to permit long 
cardiac computation cycles. The model was translated 
into BASIC from the original FORTRAN IV version 
and computations were performed on an Apple II + 
microcomputer (Apple Computers Inc, Cupertino, CA). 

To determine pre- and post-Fluosol Ag values for 
each experiment, the model was partly quantified with 
standard dog data (4,5), scaled for body mass. Then, 
for each set of experimental data, a trial value of Àg 
was determined and this value used for additional 
quantification of the model. Final model quantifica- 
tion was provided breath by breath: for each breath 
the measured inspired concentration of isoflurane was 
given to the model, along with a value of cardiac 
output calculated by linear interpolation of the 10-min 
cardiac output measurements made during the ex- 
periment. The model's arterial tension for that breath 
was then calculated, and the difference between this 
and the corresponding measured end-tidal tension 
(corrected to arterial tension by assuming a “normal” 
arterial/end-tidal ratio (4,5) of 0.9) was calculated. 
These differences were squared and summed over the 
13 min of the experiment, providing a residual sum 
of squares for that particular trial value of Ay. New 
trial values were then selected (using a simple mini- 
mum-converging algorithm) and tried until the value 
of Ap that minimized this residual sum of squares was 
found. The standard error of the estimate (6) was 
calculated for each optimum Às as the square root of 
the quantity: residual sum of squares divided by two 
less than the number of data points. 


Results 


The Fluosol/gas partition coefficient for the three vol- 
atile anesthetics is about seven. Table 1 gives liquid/ 
gas partition coefficients for each determination, 
together with mean values for each agent. Accepted 
values of the blood/gas partition coefficient (7) are 
given for comparison. Also given for each determi- 
nation are the partial pressure of the anesthetic and 
the total pressure in the flask at equilibrium. 

The time for the end-tidal concentration of isoflur- 
ane to reach a given level in the animal experiments 
was significantly greater after Fluosol infusion. Table 
2 shows this effect for two specific F,/F; ratios. Figure 
1 is a composite graph of F,/F, vs time for all five 
dogs. Shown are mean values with vertical bars in- 
dicating +1 sp. Because of slight differences in res- 
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Table 1. Liquid/Gas Partition Coefficients (A) for Three 


Anesthetics in Fluosol 


Partial pressure 
at equilibrium 


Total pressure 
at equilibrium 


Agent A (mm Hg) (mm Hg) Ag’ 
Halothane 6.71 6.5 763.9 
6.64 6.5 766.6 
Mean 6.68 2.3 
Enflurane 7.77 10.7 756.8 
7.32 12.4 762.8 
Mean 7.54 1.78 
Isoflurane Tar 8.0 762.8 
7.14 8.4 756.1 
Mean 7.20 1.41 


‘Accepted values (7) of blood/gas partition coefficients (Ag) are given for 
comparison. 


piratory rate in each experiment, individual breaths 
were offset in time, and thus could not be directly 
averaged. Linear interpolation between breaths was 
used to estimate data values at specific times for 
averaging. | 

The mean cardiac output at the start of the pre- 
Fluosol inductions was 3.65 + 0.35 (sD) L/min. Car- 
diac output increased to 8.23 + 0.69 (sD) L/min im- 
mediately after blood removal and Fluosol infusion. 
In the four dogs in which an attempt was made to 
restore cardiac output to baseline, the mean cardiac 
output was 3.96 + 0.83 (sp) L/min immediately prior 
to the post-Fluosol induction (the value in the re- 
maining dog stayed at 9.2). 

The results of the computation of Ag values by model 
fitting are presented in Table 3. The values in paren- 
theses next to each value are the standard errors of 
the estimate (see Methods), which give an indication 
of the accuracy with which the model fit the experi- 
mental data for each determination. Also shown for 


‘comparison are post-Fluosol Ag values calculated by 


volume-weighted averaging using the. pre-Fluosol Àg 
values and the percentages of Fluosol in each dog’s 
circulation calculated from fluorocrits. Post-Fluosol Ag 
values were significantly greater (P < 0.001 by anal- 
ysis of variance); the mean value calculated by com- 
puter modelling was 2.59 + 0.51 (sD) vs 1.45 + 0.15 
(SD) pre-Fluosol. In addition, post-Fluosol Ag values 
predicted by volume-weighted averaging, mean 2.91 
+ 0.36 (SD), were not significantly different from pios 
calculated by model fitting. 


Discussion 


Our in vitro results show that Fluosol does indeed 
have a high affinity for the volatile anesthetics. The 
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Table 2. Times (min) to Reach Specific F,/F, Ratios before and after Administration of Fluosol 


Pre-Fluosol 


Dog no. 0.4 0.6 


1 0.56 2.00 

2 0.37 2.09 

3 ; 0.29 1.04 

4 0.30 1.64 

5 0.42 1.51 
Mean 0.39 1.66 
SD 0.11 0.42 


° CHILCOAT ET AL. 
- Post-Fluosol# 

(F,/F;) 0.4 0.6 Fett 
1.58 9.02 3.1 
0.96 7.21 4,1 
0.51 2.76 3.3 
0.61 5.00 4.3 
0.69 3.88 4.8 
0.87 5,57 
0.43 2.58 


*Post-Fluosol values are significantly greater than pre-Flucsol values at the 0.0025 level by the two-factor analysis of variance (6). 


'Fluorocrit after administration of Fluosol. 


Fluosol/gas partition coefficient for all three agents is 
approximately seven. These values are similar to the 
values obtained by Tremper et al. (8), but are not 
identical. (Direct statistical comparison is not possible 
without the original data because of heterogeneity of 
variances (9).) If there is a difference, it is likely to be 
a result of differences in methods for measurement 
of partition coefficients. 

Regardless of any discrepancy between our in-vitro 
results and those of Tremper et al., it is clear from 
both studies that the partition coefficients of inhala- 
tion anesthetics in Fluosol are much higher than those 
in blood. Therefore, at clinically useful concentrations 
of Fluosol (i.e., 20-25% of total circulating volume), 
a significant delay in induction of inhalation anes- 
thesia should occur. Because the A values for all three 
anesthetics are roughly the same, the largest effect 
will occur with the agent having the lowest blood/gas 
partition coefficient, i.e., isoflurane. 

The anticipated effect of Fluosol on the rate of in- 
duction is confirmed by the in vivo results using iso- 
flurane. Table 2 shows that the time taken for the 


alveolar (F,)/inspired (F;) isoflurane ratio to reach two? 


representative levels increased significantly after 
Fluosol. Figure 1 shows mean F4/F; ratios in our five 
animals, plotted against time, before and after Fluosol 
infusion. It is clear from this figure that induction 
was delayed after Fluosol. Although this finding ap- 
pears to confirm the theoretical prediction, the pre- 
and post-Fluosol curves should not be compared di- 
rectly because of differences in cardiac output. 

The rapid removal of 750 ml of blood and replace- 
ment with Fluosol approximately doubled cardiac 
output. Even after attempted adjustment with pro- 
pranolol and verapamil in the last four dogs, a mean 
increase in cardiac output in all dogs of 25% + 33% 
(sD) remained immediately prior to the post-Fluosol 
isoflurane inhalation. Because the data in Table 2 and 
Figure 1 are influenced by this increase in cardiac 
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Figure 1. Alveolar(F,)-Inspired(F,) ratios during induction of 1% 
isoflurane anesthesia before and after administration of Fluosol. 
Means of five experiments + 1 SD. 


output, it is necessary to examine the results shown 
in Table 3 to determine whether the observed delay 
in the rise of end-tidal isoflurane concentration can 
be attributed to an increase in Àg due to the presence 
of Fluosol. 

This appears to be the case. Using the randomized 
block analysis of variance (6,9), there is no significant 
difference between dogs. Furthermore, the post-Fluo- 
sol Ag values are significantly greater than the pre- 
Fluosol Ag values, indicating that even after variation 
in cardiac output before and after Fluosol infusion is 
taken into account, the remaining delay requires a 
significant increase in Ag to account for the observed 
end-tidal concentrations. Post-Fluosol Ag values could 
not be measured directly for comparison because the 
necessary, equipment was not available for the animal 
experiments. 

The fact that the mean value of the pretios Ap 
values is close to the generally accepted human value 
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Table 3. Values of Blood/Gas Partition Coefficients (Ag) for Isoflurane Calculated by Best Fit of a Physiological Model to 


the Experimental Data 


Dog no. Pre-Fluosol Ag Post-Fluosol Ag 
1 1.29 (0.015) 2.16 (0.021)° 
2 1.58 (0.020) 2.97 (0.023) 
3 1.28 (0.011) 2.29 (0.030) 
4 1.55 (0.032) 3.28 (0.025) 
5 1.53 (0.016) 2.23 (0.016) 
Mean + SD 1.45 + 0.15 2.59 + 0.51 


“Calculated from fluorocrit. 
’Standard error of the estimate (see text). 


Predicted post-Fluosol Às 


% Fluoso!}* (weighted average) 
20% 2.47 
27% 3.10 
22% 2.58 
28% 3.13 
31% 3.29 


25.6% + 4.5% 2.91 + 0.364 


‘Weighted average using pre-Fluosol Ag values above, %Fluosol, and the measured Fluosol/gas partition coefficient for isoflurane from Table 1. 
4From the analysis of variance, variability among dogs was not significant; variability among the three types of Ag was highly significant (P < 0.001); 
orthogonal comparison (8) of the pre-Fluosol Ag values with the two post-Fluosol Ag values was highly significant (P < 0.001); orthogonal comparison between 


the two post-Fluoso] Ag values was not significant. 


of 1.40 (7) is gratifying, but may be misleading. For 
fitting of the model to the experimental data, alveolar 
ventilation was assumed to be “normal” at 4 L/min. 
While this is justified on the grounds that end-tidal 
Pco2 was kept constant at a fixed, normal level, a 
small variation in alveolar ventilation can have a sig- 
nificant effect on the value of Ay computed by fitting 
the model to the experimental data. On the other 
hand, the fact that the post-Fluosol Ag values com- 
puted by volume-weighted averaging were not sig- 
nificantly different from those calculated by model 
fitting indicates that alveolar ventilation did not vary 
significantly within each dog, and the low standard 
deviation (10%) on the pre-Fluosol Àg values indicates 
low variability between dogs. 

Fluosol delays induction with inhaled anesthetics 
in several ways. To be effective as an increaser of 
oxygen-carrying capacity, Fluosol must comprise a 
significant portion of the total blood volume and must 
be. used in conjunction with inspired oxygen concen- 
trations approaching 100%, precluding the use of ni- 
trous oxide during anesthesia. The former require- 
ment means that major increases in blood/gas partition 
coefficient, with concomitant delays in induction, will 
occur. The latter requirement can further delay in- 
duction by eliminating the second-gas effect (10). Fur- 
thermore, in this animal study, a large increase in 
cardiac output invariably occurred after Fluosol in- 
fusion. The cause of this is not clear, but a 33% in- 
crease in cardiac index after infusion of 500 ml of 
Fluosol has been reported in humans (11). Because 
Fluosol does cause an increase in cardiac output in 
humans, induction will also be delayed because of 
this. Similar delays will be seen on emergence. 

The result of these several effects will be that to 
the anesthesiologist unaware that induction will be 
delayed in comparison with his usual experience, the 


patient may appear resistant to the anesthetic. The 
anesthesiologist may then increase the inspired con- 
centration of the anesthetic in an attempt to compen- 
sate, rendering the patient unnecessarily deeply an- 
esthetized as the delayed induction proceeds. 

Fluosol provides a means of expanding circulating 
volume and increasing oxygen transport, without the 
need for crossmatching and without risk of disease 
transmission. If approved for general use, Fluosol will 
be used in patients coming to surgery for emergency 
operations and in patients having elective operations 
in whom crossmatching problems or religious beliefs 
preclude the use of blood and blood products. The 
anesthesiologist must be aware of the effects Fluosol 
will have on patients, so that their clinical manage- 
ment can be modified appropriately. 


The authors would like to thank Alpha Therapeutic Corporation, 
Los Angeles, CA for supplying quantities of Fluosol. 
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Appendix. 
Computation of Liquid/Gas Partition Coefficient 


The output of the mass spectrometer is proportional 
to the partial pressure of the anesthetic vapor at the 
tip of the sampling capillary. Assuming that the vapor 
behaves as an ideal gas at the concentrations en- 
countered, partial pressure in a rigid container is given 


by 
P=KLT 


where K is a constant that includes the volume of the 
container, the molecular weight of the vapor, and the 
universal gas constant; L is the concentration (in g of 
anesthetic/L of gas) in the container and T is the ab- 
solute temperature. If the mass spectrometer gives a 
reading R; from the equilibration flask and R, from 
the standard jar, 


Ry _ Kail 
Ke. KL T; 


Because the temperature of the flask is held constant, 
and variation in temperature in the standard jar will 
be trivial, the K values and T values can be combined 
into one constant K’. Therefore, the concentration (g/L) 
in the equilibration flask is given by 


Ry 
= K'L,—. 1 
= es (1) 
If V;is the volume of the flask, then after a volume 
V, of liquid (Fluosol) is added, but before any anes- 
thetic has been taken up by the liquid, the mass of 
anesthetic in the gas (M.o) is given by 


Meo (V; = Vi)Lfo (2) 


where Lp is the concentration in the flask at that time. 
After equilibration, the mass of anesthetic present 
in the gas phase will be 
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Myo = (V; — Vi)Le (3) 


where L,,. is the concentration remaining in the flask. 

A small amount of anesthetic will be lost from the 
flask each time a measurement is made with the mass 
spectrometer. This will be given by 


M; = V iby (4) 


where V, is the volume removed in the measurement 
sample and Ly is the concentration of the sample. 

In addition, a small loss occurs due to leakage and 
absorption. This can be determined approximately by 
doing a “dummy” equilibration without injection of 
Fluosol. If the fraction of anesthetic lost in this ex- 
periment is given by Fieax, the mass of anesthetic lost 
in an actual equilibration will be approximately 


Mist a V pL joF leak: (5) 


(Ly. is used here because the concentration will be 
closer to this level for most of the time during the 
equilibration.) 

At the end of equilibration, the mass of anesthetic 
present in the liquid will be 


Mı = Moo wo My Si ` M;i 7 Mieak: (6) 
i=] 
The liquid/gas partition coefficient, A, will be given 
by 
O MVL 
- Mgl Vi — Vi) g 


Substituting equations (2), (3), (4), (5), and (6) into 
equation (7), 


A 


(V; E Vi) (Lye a Lisa) aj Ds Vib = V Look leak 
i=l 


oe Vibe 


(8) 


Equation (1) can be substituted for each Lj. Because 
every term contains an L, the constant K’ and L,, the 
concentration of the standard, cancel. Equation (8) 
then becomes 


À = 
Re Re) Sy Bey Re 
(V; ~ V1) Gi g Re) ~ 2 Vsi R. E Vs Ra ek 
Ree 
Vig 
(9) 
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infusion dose requirements during fentanyl and halothane 
anesthesia in humans. Anesth Analg 1985;64:411—4. 


Steady-state infusion rate requirements of vecuronium were 
determined in 29 patients during either halothane—nitrous 
oxide or fentanyl—nitrous oxide anesthesia at different levels 
of neuromuscular block. During NzO—halothane anesthesia 
(end-tidal concentration, 0.5%), the infusion rate necessary 
for a steady-state (defined as unchanging twitch height and 
infusion rate for at least 20 min) 50% depression of twitch 
force was 28.8 + 5.4 (mean + SD) (n = 8) and 47.6 + 
9.7 pg-kg—)-hr-* (n = 6) at 90% reduction of twitch force. 


The new nondepolarizing muscle relaxant vecuron- 
ium (ORG NC 45) has a short elimination half-life, 
rapid clearance from plasma, and a correspondingly 
short duration of neuromuscular blockade (1). It has 
therefore been suggested that vecuronium be admin- 
istered in continuous infusions for longer operations 
(2,3). There have been no reports in the literature of 
vecuronium infusion rates required for different levels 
of neuromuscular block or with different anesthetic 


techniques. Therefore, in normal patients, we mea- 


sured and compared the vecuronium infusion rates 
necessary to achieve approximately 50 and 90% twitch 
force depression during fentanyl—nitrous oxide and 
halothane—nitrous oxide anesthesia. 


Methods 


Twenty-nine adult surgical patients without renal, he- 
patic, or neuromuscular disease (ASA class I or H) 
were studied. Each granted consent for participation 
in the research, which was approved by the Univer- 
sity of Leiden Medical Ethics Committee. All patients 
were undergoing elective otolaryngologic surgical 
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During N O-fentanyl anesthesia, the steady-state infusion 
rate required for 50 and 90% decrease of twitch force was 
56.3 + 20.0 (n = 9) and 74.8 + 16.0 pg-kg-*-hr7 
(n = 6), respectively. The variances of vecuronium steady- 
state infusion dose requirements were smaller in the halo- 
thane groups than in the fentanyl anesthesia groups. The 
steady-state vecuronium infusion dose requirements during 
fentanyl anesthesia were greater than the mean infusion dose 
requirements during halothane anesthesia at equivalent lev- 
els of twitch depression. 


Key Words: NEUROMUSCULAR RELAXANTS— 
vecuronium. 


procedures: their mean (+ SD) age was 37.2 yr (+ 
14.4) and weight 71.4 kg (+ 13.9). Each patient was 
studied only once. 

We randomly divided the patients into four groups. 
In groups A and B, patients were premedicated with 
atropine (0.5 mg), fentanyl (0.1 mg), and droperidol 
(5 mg intramuscularly) about 45 min before induction. 
Anesthesia was induced with thiopental (3-5 mg-kg~') 
and fentanyl (0.1 mg intravenously) while the patients 
breathed 60% nitrous oxide in oxygen. Ventilation 
was assisted by mask to maintain normocarbia (mea- 
sured by a Datascope 500 end-tidal CO, monitor). 
After obtaining a control twitch measurement, suc- 
cinylcholine (0.5 mg:kg~*) was administered and the 
patients’ tracheas were sprayed with lidocaine and 
intubated. Anesthesia was maintained with intrave- 
nous fentanyl (3-8 wg-kg~'-hr~') and 60% nitrous 
oxide in oxygen. After full recovery of twitch to con- 
trol height, a bolus of vecuronium was administered 
and a continuous infusion started and adjusted to 
obtain a steady-state twitch depression (defined as 
unchanging infusion rate and twitch height for at least 
20 min) of 50% in group A (nine patients) and 90% 
of control twitch tension in group B (six patients). In 
groups C and D, 14 patients were premedicated with 
diazepam (10 mg orally) 1 hr before induction of anes- 
thesia. Anesthesia was begun with thiopental (2-5 
mg-kg~') and continued with 2% halothane and 60% 
nitrous oxide in oxygen. After spraying the trachea 
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Table 1. Steady State Characteristics 
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Steady state 


Mean (+ SD) time from initia] vecuronium bolus to beginning of 
steady state (min) 
Mean (+ Sp) twitch depression (% control) 


with lidocaine, intubation was accomplished without 
the administration of muscle relaxants. After intu- 
bation the halothane end-tidal concentration was re- 
duced to 0.5% (as measured by a hydrogen flame 
ionization detector technique (4,5)) and maintained at 
this level for the remainder of the study. After a con- 
trol twitch force measurement was obtained, an in- 
travenous bolus of vecuronium (20 wg-kg~!) was ad- 
ministered and a continuous vecuronium infusion was 
begun. The rate of vecuronium infusion was adjusted 
to obtain a steady-state reduction of twitch force of 
50% in group C (eight patients) and 90% in group D 
(six patients). 

Neuromuscular function was monitored with a Grass 
5-88 nerve stimulator that applied square wave pulses 
at 0.1 Hz and 0.2-msec duration to 23-gauge steel 
needle electrodes placed near the ulnar nerve at the 
wrist. Force of thumb adduction was measured by a 
Statham UC-3 transducer with a 9-kg load cell and 
continuously recorded ona polygraph. Control twitch 
tension was established before any muscle relaxant 
was administered. End-tidal Pco, and esophageal 
temperature were monitored and kept within normal 
ranges. 

The four groups were compared using analysis of 
variance and the group variances were compared with 
the variance ratio test (6). Statistically significant dif- 
ferences were assumed at P < 0.05. 


Results 


Patients of all groups were similar with respect to age 
and weight. For all four groups, the intended levels 
of twitch depression and those achieved at steady 
state, and the times from initial vecuronium bolus to 
the beginning of steady-state vecuronium infusion were 
not significantly different (Table 1). 

At equivalent levels of twitch depression, the re- 
quired steady-state vecuronium infusion dose was less 
in the group with halothane—nitrous oxide than in the 
group with fentanyl—nitrous oxide anesthesia. With 
halothane—nitrous oxide anesthesia, the steady-state 
infusion doses of vecuronium were greater at 90% 
(group D) than at 50% (group C) twitch height depres- 


Patient groups 


A B C D 
48.0 + 17.4 41.3 + 11.8 43.0 + 15.1 38.5 + 13.2 
57.4 + 9.9 89.0 + 2.0 54.4 + 3.8 91.9 + 2.1 


sion, whereas during fentanyl-nitrous oxide anes- 
thesia there was no significant difference in the re- 
quired vecuronium infusion doses at steady state at 
90% (group B) and 50% (group A) twitch depression 
(Table 2). The variances of the required steady-state 
vecuronium infusion doses of the halothane—nitrous 
oxide anesthesia groups were significantly less than 
those of the fentanyl—nitrous oxide groups. 


Discussion 


Our data indicate two important differences in the 
required vecuronium infusion doses at steady state 
with fentanyl-nitrous oxide and with halo- 
thane—nitrous oxide anesthesia. First, at equivalent 
levels of twitch force depression, the steady-state ve- 
curonium infusion doses were less during halo- 
thane—nitrous oxide than during fentanyl—nitrous ox- 
ide anesthesia. This result is consistent with previous 
research indicating that potent inhaled anesthetics 
augment the neuromuscular blockade from nonde- 
polarizing muscle relaxants and that halothane anes- 
thesia potentiates these relaxants more than nitrous 
oxide~narcotic anesthesia (7). Using vecuronium con- 
tinuous infusions during both fentanyl—nitrous oxide 
and later halothane-nitrous oxide anesthesia in the 
same patients, Foldes et al. (8) reported that the dose 
of vecuronium required to produce approximately 90% 
steady-state block was 25-30% less during halothane 
(0.5% administered concentration) than during fen- 
tanyl anesthesia. Even though Foldes et al. measured 
this effect in only two patients, their results are similar 
to ours (in which the infusion dose during halo- 
thane—nitrous oxide anesthesia was 36% less than that 
during fentanyl—nitrous oxide anesthesia at 90% twitch 
depression). Stanski et al. (9) using the calculated 
steady-state serum level of relaxant required for 50% 
twitch force depression called the Cpsss9, reported 
patient sensitivity to d-tubocurarine increased by a 
factor of 1.7 during halothane (end-tidal concentration 
0.5%)-nitrous oxide morphine—nitrous oxide anes- 
thesia even though d-tubocurarine pharmacokinetics 
did not change. Interestingly, this value is close to 
1.9, the ratio of mean vecuronium infusion doses re- 


- VECURONIUM INFUSION DOSE REQUIREMENTS 


Table 2. Steady State Infusion Doses of Vecuronium 


Mean (+ SD) vecuronium infusion dose at 
steady state (ug-kg~’-hr~’) 


Level of 

twitch Fentanyl-N2O Halothane—N2O 
depression anesthesia anesthesia 
50% 56.3 + 20.0 (group A) 28.8 + 5.4 (group C) 
90% 74.8 + 16.0 (group B) 47.6 + 9.7 (group D) 


quired to produce a steady-state 50% twitch de- 
pression during fentanyl—nitrous oxide and halo- 
thane-nitrous oxide anesthesia in this study. By 
increasing halothane end-tidal concentration from 0.44 
to 1.20%, Rupp et al. (10) reported that vecuronium 
neuromuscular block was not significantly enhanced. 
His results do not contradict our findings because 
Rupp et al. compared vecuronium potentiation at dif- 
ferent halothane concentrations and our study com- 
pared vecuronium dose requirements during fentany] 
and halothane anesthesia. 

The second important difference in required ve- 
curonium infusion doses for steady-state twitch 
depression during halothane—nitrous oxide and fen- 
tanyl—nitrous oxide anesthesia is that the variances 
were smaller with halothane than with fentanyl anes- 
thesia. The reduction of variance in patient response 
to nondepolarizing muscle relaxants by halothane when 
compared to narcotic—nitrous oxide anesthesia has not 
been reported with most techniques of determining 
muscle relaxant dose-response data. But by using a 
method attempting to correlate relaxant serum con- 
centration with twitch depression, Stanski et al. (9) 
reported a reduction in the variances of patient sen- 
sitivity to d-tubocurarine (measured as the CpSSs») 
during halothane—nitrous oxide compared to mor- 
phine—nitrous oxide anesthesia. 

The relatively large variation in vecuronium infu- 
sion dose requirements during fentanyl—nitrous oxide 
anesthesia observed in our study has been reported 
previously. Agoston et al. (3) described that the steady- 
state infusion dose of vecuronium required for 90% 
neuromuscular block during fentanyl—nitrous oxide 
anesthesia in nine patients ranged from 11 to 87 
pe-kg—)-hr~’. All of the infusion rates measured in 
our study in patients at the same level of twitch 
depression receiving the same type of anesthesia (group 
B) were within this range. The wide variation in ve- 
curonium infusion doses required for steady state 
during fentanyl—nitrous oxide anesthesia and the rel- 
atively small numbers of patients in our study con- 
tributed to the absence of a statistically significant 
difference between groups A and B (50 and 90% block 
with fentanyl—nitrous oxide anesthesia). 
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Figure 1. Comparison of steady-state vecuronium infusion doses 
and percentage twitch depression during fentanyl—nitrous oxide 
and during halothane-nitrous oxide anesthesia. Circles (and lines) 
represent mean (+ SD) infusion doses and twitch depression for 
each study group. Broken lines connect the groups with the same 
anesthetic and are added to aid interpretation. 


It is possible that the succinylcholine used in groups 
A and B altered vecuronium pharmacokinetics or 
pharmacodynamics. d’Hollander et al. (11) found ve- 
curonium duration of effect prolonged and dose- 
response increased for up to 30 min after twitch 
depression had returned to normal after succinylcho- 
line (1.0 mg-kg™') during fentanyl—nitrous oxide 
anesthesia. But Fisher and Miller (12) showed that 
during halothane anesthesia the vecuronium peak ef- 
fect, onset, duration of action, and recovery times at 
5 and 60 min after succinylcholine (0.5 mg-kg~*) were 
unchanged from control measurements made without 
succinylcholine. An effect from 0.5 mg-kg~? succi- 
nylcholine on subsequent vecuronium neuromuscu- 
lar blockade during fentanyl—nitrous oxide anesthesia 
is possible but heretofore undescribed. 

According to pharmacokinetic theory, during a 
Steady state the plasma concentration of drug (Css), 
constant rate of infusion (R), and drug clearance (Cl) 
are related by the following formula (13): Css = R/CI. 
Cronnelly et al. (1) simultaneously measured the 
pharmacokinetics and pharmacodynamics of vecu- 
ronium during halothane (end-tidal concentration 
0.5-0.7%)—nitrous oxide anesthesia and calculated the 
clearance of vecuronium to be 5.2 ml-kg~!-min7! and 
the CpSSs to be 54 ng-ml~’. With the use of these 
figures in the above formula solved for infusion rate, 
the calculated constant vecuronium infusion rate nec- 
essary for 50% neuromuscular blockade is 29.3 
mg-kg~?*-hr~'. This value is remarkably close to our 
measurement of mean required vecuronium steady- 
state infusion rate for steady-state 50% twitch depres- 
sion during halothane—nitrous oxide anesthesia (group 


t 


ANESTH ANALG 
1985;64:411-4 


414 


C) of 28.8 mg-kg~'-hr~!. This represents the first 
comparison of the simultaneous muscle relaxant 
pharmacokinetic and pharmacodynamic modelling 
technique’s CpSSsq and clearance calculations with di- 
rect clinical experimental measurement. 

In summary, this study measured the vecuronium 
infusion doses necessary to achieve steady-state 50 
and 90% twitch force depression and found that dur- 
ing halothane—nitrous oxide anesthesia, vecuronium 
infusion dose variability and absolute required amounts 
were less than during fentanyl—nitrous oxide anes- 
thesia. Clinically, if utilizing a mean required vecu- 
ronium infusion rate as a starting point, use of hal- 
othane—nitrous oxide anesthesia should (by reducing 
the patient variability in required dose) make estab- 
lishment of a steady-state level of twitch depression 
with a continuous infusion of vecuronium easier than 
with use of fentanyl—nitrous oxide anesthesia. 
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The sensitivity, specificity, and accuracy of the cobalt blue 
and ninhydrin sweat tests were compared with the sym- 
pathogalvanic response (SGR) in assessment of complete 
sympathetic blockade. Patients were randomly assigned to 
receive epidural administration of either preservative-free 
physiologic saline solution and 80 mg methylprednisolone 
(group I, control group, 9 patients) or 1.5% lidocaine with 
80 mg methylprednisolone (group II, sympathetic blocked 
group, 10 patients). In group I, there was one false positive 
SGR (absence of SGR) before the block and there were four 
false positive SGRs after the block. In comparison, there 


The sympathetic nerve supply to the skin controls 
vascular tone and sweat production. Measurements 
of sympathetic blockade include increase in skin tem- 
perature, increase in pulse amplitude, abolition of the 
sympathogalvanic response (SGR), and inability to 
sweat. Increases in skin temperature measured by 
contact thermometry or infrared thermography and 
by an increase in pulse amplitude measured by pleth- 
ysmography are the commonly used signs of sym- 
pathetic blockade (1-4). Although increases in skin 
temperature and pulse amplitude signify sympathetic 
blockade, they do not indicate complete sympathetic 
blockade unless accompanied by abolition of the SGR 
or absence of sweating because skin temperature and 
pulse amplitude may increase even with a partial sym- 
pathetic blockade. Abolition of sweating and abolition 
of the SGR are the standard tests of complete sym- 
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were no false positive sweat tests (absence of sweating) before 
and after injection in group I. In group II, there were three 
false positive SGRs and no false positive sweat test before 
injection. After injection, one patient with an upper level 
of sensory blockade at T5 had persistent SGRs and positive 
sweat tests (false negative results). The study showed the 
sensitivity of the SGR and the sweat tests to be 90%. The 
specificity of the SGR was 56% compared to 100% for the 
sweat tests. The accuracy of the SGR was 74% compared 
to 95% for the sweat tests. 


Key Words: ANESTHETIC TECHNIQUES, RE- 
GIONAL—sympathetic. MEASUREMENT TECH- 
NIQUES—sympathetic activity. SYMPATHETIC 
NERVOUS SYSTEM—blockade. 


pathetic blockade (5,6). The SGR, however, is difficult 
to reproduce and is characterized by marked variation 
of individual responses to the different stimuli (7). 
Although the starch-iodine sweat test is messy and 
cumbersome (5), newer sweat tests, such as the cobalt 
blue (5) and ninhydrin (8) tests are easier to perform. 
The purpose of this study was to compare the relia- 
bility of the latter two tests against the SGR in patients 
who had complete sympathetic blockade. 


Methods 


ASA physical status I patients with low back pain and 
lumbosacral radiculopathy who had lumbar epidural 
steroid injections as part of their treatment were ran- 
domly assigned to one of two groups. The control 
group (group I) was given 6-8 ml of physiologic saline 
solution without preservative, with 80 mg methyl- 
prednisolone. The symipathetic blocked group (group 
II) was given 27-30 ml 1.5% lidocaine with 80 mg 
methylprednisolone. Randomized assignment of pa- 
tients to the two groups was accomplished with a 
random number table. None of the patients had had 
surgery and all were presumed to have pain second- 
ary to herniated intervertebral discs. Six of the nine 
patients in group I and seven of the eleven patients 
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in. group II had documented herniated discs by CAT 
scan or myelogram. The remaining patients had not 
had a CAT scan or a myelogram, but had docu- 
mented radiculopathies by electromyography (EMG). 
- All patients were alert and none had a history of di- 
abetes mellitus or peripheral vascular disease. Al- 
though the patients were taking minor analgesics at 
the time of the study, no patients were taking drugs 
known to affect the SGR, including narcotics, major 
tranquilizers, anticholinergics, epinephrine, digitalis, 
steroids, or hexamethonium (6,9-11). The study was 
not blinded because possible local anesthetic blockade 
from the saline (7,12) and incomplete or delayed 
blockade from the local anesthetic (13) had to be eval- 
uated. The study was approved by the Human Sub- 
jects Committee of Northwestern University, and 
written informed consent was obtained from all 
patients. 

The blocks were done in a quiet area with a con- 
stant temperature (23 + 1°C). The SGRs were re- 
corded according to published technique (6): the right 
arm and left arm-leads of the electrocardiogram (ECG) 
were placed on the dorsum and Sole of the foot while 
the other leads were placed on the contralateral leg; 
the ECG machine lead selector switch was turned to 
lead I. The following stimuli were. used in every pa- 
tient in a random order: pin prick at the upper (un- 
blocked) extremity; loud noise; and deep breath. Per- 
manent SGR recordings were obtained from the ECG 
machine and displayed on a strip recorder. 

Our method of preparation of the cobalt blue and 
ninhydrin filter papers were modified from those pre- 
viously described (5,8). For the cobalt blue filter pa- 
per, we used 0.5 M CoCl, in 70% ethanol instead of 
in distilled water. Heating the filter paper was not 
required in the present method because 70% ethanol 
dries rapidly. For the ninhydrin paper, we used 2% 
ninhydrin in 70% ethariol with 1 ml of 4 M acetaté 
buffer (pH 5.6) per 100 ml of solution. We used 70% 
ethanol rather than acetone as described by Dhuner 
et al. (8) because acetone dries very rapidly, resulting 
in uneven application of the ninhydrin over the filter 
paper. The solutions (cobalt blue or ninhydrin) were 
applied evenly on a Whatman #1 filter paper at 2 
ml/100 cm*. The papers were dried at room temper- 
ature and stored in a desiccator. 

The sweat tests were performed in the following 
manner: the subjects’ toes were wiped dry and the 
cobalt blue and ninhydrin impregnated filter papers 
were taped on them. A transparent tape was used so 
the change in color of the cobalt blue paper secondary 
to sweating could be seen. Sweating on the cobalt 
blue paper resulted in a change of color from blue to 
pink (5). In the ninhydrin test (8), sweating appeared 
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as distinct purple dots on the filter paper after the 
paper was heated for 1-2 min. Each purple dot cor- 
responds to a functioning sweat gland. If sweating 
was absent, heat generated by a 150-W bulb held 15 
cm from the foot being tested was applied to the foot 
for up to 10 min. The 10-min limit was used because 
prior experience showed patients either sweated 
spontaneously or did so within 3 min of heat 
application. 

In both groups, the SGR and sweat tests were per- 
formed before the epidural injection and 15~30 min 
after the injection. If the patients still sweated and 
their SGRs persisted after the local anesthetic injection 
in group IL, the tests were repeated 15-30 min later. 

Lower extremity sympathetic blockade after the 
epidural injection of local anesthetic was assumed to 
be present when there was sensory anesthesia from 
T8 to S5. Sensory blockade was evaluated by pin prick 
before the epidural injection and 15 min after the in- 
jection. If the SGR and sweat tests were positive after 
the epidural local anesthetic injection, serisory block- 
ade was again evaluated 15-30 min later, together 
with the SGR and sweat tests. Sympathetic blockade 
was assumed to be absent in the patients given normal 
saline. Patients who developed patchy or incomplete 
sensory blockade (13) from the local anesthetic and 
patients who developed sensory blockade (new areas 
of deficits) (7) from the physiologic saline solution 
were noted. The absence of sweating or of the SGR 
before epidural injection in both groups and the dis- 
appearance of either the SGR or sweating after the 
saline injection (group I patients) were considered 
false positive results. The persistence of the SGR or 
sweating after the epidural local anesthetic injection 
(group II patients) was considered a false negative 
result. The sensitivity, specificity, and accuracy of the 
SGR and the sweat tests in confirming complete sym- 
pathetic blockade were evaluated using the following 
definitions: sensitivity of a test indicates the capacity 
for making a correct diagnosis in confirmed positive 
cases (14); specificity is the capacity for correct diag- 
nosis in confirmed negative cases (14); and accuracy 
is the efficiency or correctness of a test, the ability of 
a test to show positive results in positive cases and 
negative results in presumed negative cases (14,15). 


Results 


Nineteen patients were studied, nine in group I and 
ten in group II. Two of the nine patients in group I 
were women; the average age of the nine patients 
was 37 yr (range 23-57). All patients in group II were 
men, with an average age of 40 yr (range 22-56). 
One of the nine patients given epidural saline (group 
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I) developed diminished sensation at the L4 derma- 
tome. In group II patients, the upper level of sensory 
blockade ranged from T4 to T8 and extended to the 
S5 dermatome. Six of the ten patients had complete 
sensory anesthesia. Four patients had dermatomal 
levels of complete and incomplete sensory anesthesia, 
the areas of incomplete anesthesia being in the L5—S1 
dermatome (bilateral) in one patient and in the S1 
dermatomes (bilateral) in the other three. 

In group I, one patient had a false positive (no 
response) SGR to deep breathing before the block 
(Table 1). After the epidural saline injection, four of 
the nine patients had false positive SGRs (positive 
SGR that became negative after the injection): three 
of the four patients had a false positive response to 
one of the three stimuli, one patient had a false pos- 
itive repsonse to all three stimuli. In comparison, there 
was no false positive result for the two sweat tests 
before or after the epidural saline injection, i.e., all 
patients sweated. In group I, three patients had false 
positive SGRs before the block. Two of the three pa- 
tients each had a false positive response to one stim- 
ulus, and one patient had false positive responses to 
two of the three stimuli used. There were no false 
positive results on the sweat tests before the injection. 
After the epidural injection of local anesthetic, the 
SGRs were abolished and the sweat tests became neg- 
ative in nine of ten patients. In one patient, the cobalt 
blue and ninhydrin sweat tests remained mildly pos- 
itive, and he had mild responses to all the three SGR 
stimuli. The cobalt blue paper showed mottled pink 
patches 2~3 mm in size while the ninhydrin paper 
showed sparse purple dots. His SGR showed a small 
response 20 min after the injection. The SGR response 
increased 45 and 60 min after the injection. His upper 
level of sensory blockade was T5; the L5-S1 derma- 
tomes were less numb 15 min and the $1 dermatomes 
were less numb 30 minutes after the injection than 
were the other blocked dermatomes. 

Three patients in group I who required a heat lamp 
to sweat before the injection also required heating 
after the injection. Heat was applied for 2-3 min be- 
fore the epidural injection and 3-6 min after injection. 
The remaining six patients sweated spontaneously 
before and after the injection. Before the epidural in- 
jection, their sweat tests became positive within 3-5 
min of filter paper application. After the injection, 
their sweat tests became positive within 4-5 min of 
application. In group II, four patients required heat 
for 2-5 min to sweat, six patients had spontaneous 
positive sweat tests within 3-5 min. After the injec- 
tion, the heat lamp was applied for up to 10 min in 
all patients. The cobalt blue filter paper, which had 
become pink with sweating, returned to its original 
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Table 1. SGR Responses before and after Epidural 
Injection of Saline (Group I) and Local Anesthetic 
(Group H) 





Before injection — after injection 


SGR height (mm) 
Pin prick Deep breath Loud noise 
Patient stimulus stimulus stimulus 
Group I 
1 28 —> 9 9—9 29 —> 24 
2 9 — 31 14 — 12 41—> 0 
3 32 — 10 24—9 30 —> 16 
4 18 — 0 19 — 0 22 —> 0 
5 12-9 4—4 8—9 
6 37 — 22 9 — 13 26 —> 23 
7 32 > 9 33 — 0 35 —> 23 
8 44 — 13 0 — 24 31 -> 0 
9 22 — 30 24 —» 29 24 —> 17 
Group H 
1 28 — 0 21 — 0 23 —>-0 
2 17-0 12 — 0 10— 0 
3 28 > 0 0—0 16 -> 0 
4 18 — 20" 23 —> 25° 11 — 6° 
5 8—0 6— 0 16 -> 0 
6 10— 0 17+ 0 15 -> 0 
7 12—> 0 8-0 13 - 0 
8 0-0 5—0 0-0 
9 0-0 4— 0 11 -> 0 
10 23— 0 21— 0 18 -=> 0 


*Post-injection SGR height is the average of those measured at 20, 45, 
and 60 min after the injection in patient 4. 


blue color within 3-6 min in group I patients and 
within 3-10 min in group II patients. On the other 
hand, the purple dots on the ninhydrin paper did not 
fade, providing a permanent record of the results of 
the test. In all patients, the two sweat tests consist- 
ently gave the same results, whether positive or 
negative. 

Evaluation of the SGR and of the two sweat tests 
as reliable signs of complete sympathetic blockade 
showed the sensitivity of both the SGR and the sweat 
tests to be 90%. The specificity of the SGR was 56% 
compared to 100% for the sweat tests. The accuracy 
of the SGR was 74% compared to 95% for the sweat 
tests. 


Discussion 


Patients may have only partial relief of pain associated 


with sympathetic imbalance after a diagnostic sym- 
pathetic block either because the sympathetic block- 
ade is incomplete or because their pain is due to sev- 
eral causes (e.g., combined reflex sympathetic 
dystrophy and somatic sensory pain). To eliminate 
incomplete sympathetic blockade as a factor, a reliable 
sign of complete sympathetic blockade is necessary. 


f 
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Proof of completeness of sympathetic denervation is 
also needed after chemical or surgical sympathec- 
tomy. Increases in skin temperature and pulse am- 
plitude have been the most commonly used signs of 
successful sympathetic blockade (14,16). However, 
temperature and pulse amplitude increases cannot 
signify complete sympathetic blockade unless accom- 
panied by abolition of the SGR or absence of sweating 
because temperature and pulse amplitude will in- 
crease even with a partial sympathetic block. 

In studies where abolition of the SGR was used as 
sign of complete sympathetic blockade, the SGR had 
several shortcomings. These included marked varia- 
tions in the responses of patients to the different stim- 
uli used (7), difficulty in obtaining a satisfactory re- 
cording under clinical conditions (11), and rapid 
habituation to the stimuli used (11). A study that used 
pin prick as the stimulus to elicit the SGR abandoned 
the test because of inconsistent results (4). Our study 
showed that some patients fail to respond at all to 
one stimulus while responding to other stimuli. Pa- 
tient 8 in group I, for example, had a marked SGR 
response to pin prick, a moderate response to loud 
noise, and no response to deep breathing. Some of 
the recommended stimuli also seem inappropriate to 
us; these include a flash of bright light or the slam of 
a door (17). These are probably why the SGR is not 
widely used (11). It is apparent that another standard 
test of complete sympathetic blockade is necessary. 

Abolition of sweating is another sign of complete 
sympathetic blockade (5). The starch-iodine test in 
which the material is spread over the limb being tested 
(18) has not become popular because it is so awkward 
to use. Cousins et al. have described the cobalt blue 
sweat test as an alternative (19). In their discussion 
of sympathetic neural blockade, Löfström et al. (5) 
also mentioned the ninhydrin method (8). We de- 
cided to compare these two sweat tests with the SGR 
and to observe any advantage one sweat test may 
offer over the other. Unlike Löfström et al. who rec- 
ommended the application of heat for 30 min, we 
found the application of heat for 2—6 min to be ade- 
quate, using the change in color of the cobalt blue 
paper as an end point. 

In the present study, the control group was given 
6-8 ml physiologic saline solution to dilute the meth- 
ylprednisolone. Injecting undiluted methylpredni- 
solone is not advisable because the polyethylene gly- 
col present in the methylprednisolone preparation may 
cause arachnoiditis (20,21). Dilution of the methyl- 
prednisolone with normal saline or local anesthetic 
lowers the concentration of the polyethylene glycol 
to avoid such a complication should the injection be 
made intrathecally (22). We did not inject a volume 
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of saline comparable to the volume (27-30 ml) of local 
anesthetic given to patients in group II because we 
tried to avoid any possible local anesthetic blockade 
from the saline (7,12). 

Physiologic saline may have a local anesthetic ef- 
fect. Benzon et al. noted signs of sympathetic block- 
ade accompanied by a reduction of pain in two pa- 
tients given stellate ganglion block with 10 ml of 
preservative-free physiologic saline solution (12). After 
an intrathecal injection of 5 ml or 10 ml of physiologic 
saline, Urban and McKain noted dermatomal hypes- 
thesia, a diminution in SGRs, and a reduction of pain 
in 22 patients (7). They did not state whether the 
saline they used was preservative-free or contained 
0.9% benzyl alcohol, a preservative with a local an- 
esthetic effect (23). A subsequent study that used 5 
mi of preservative-free physiologic saline concluded 
that intrathecal saline does not have a sympathetic 
blocking effect (4), although two of the ten patients 
had decreased responses to pin prick. 

One of the four patients in group I whose SGR 
disappeared after saline injection (a false positive re- 
sult) developed diminished sensation in the previ- 
ously normal L4 dermatome. Although unable to cause 
demonstrable sensory blockade in other segments, 
the saline might have produced partial sympathetic 
blockade in the segments of the spinal cord that send 
sympathetic fibers to the lower extremities. The ab- 
olition of the SGR may reflect partial sympathetic 
blockade from the saline plus tolerance of the patient 
to the stimuli used to initiate the SGR; patients rapidly 
develop tolerance to the stimuli employed to elicit 
SGRs (11). 

In group II, we decided on a minimum upper sen- 
sory level of blockade above T8 because previous 
studies documented reappearance of sympathetic ac- 
tivity in the lower extremities when the level of an- 
algesia regressed to T8-T9 and below (24,25). Moore 
also recommends a level of at least the ninth thoracic 
dermatome (26). This level of blockade is needed be- 
cause the preganglionic sympathetic fibers to the lower 
extremities originate from the T10 to L2 segments of 
the spinal cord (24). Our previous experiences with 
other patients with back pain showed that volumes 
of 25-30 ml of 1.5% lidocaine were required to produce 
a level of blockade above T8. 

Delayed and incomplete (feeling of less numb- 
ness”) blockade can occur after epidural anesthesia, 
especially in patients with back pain (13). This phe- 
nomenon is not due to any interference of the local 
anesthetic effect by the steroid (13). We looked for 
incomplete blockade, especially at the T10-L2 seg- 
ments, to explain any persistence of the SGR and un- 
changed sweat tests in the patients given local an- 
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esthetic. The four patients in Group II who had 
incomplete blockade at the L5 or S1 dermatome had 
herniated discs or radiculopathies in the same area. 
The delayed blockade in these dermatomes may have 
been due to inflammation or fibrosis of the nerve roots 
(13) or to the wider diameter of these nerve roots in 
comparison to other nerve roots (27). Three of the 
four patients had their SGRs and sweat tests abol- 
ished. The remaining patient had mildly positive SGRs 
and sweat tests. His upper level of sensory blockade 
was T5, but his S1 dermatomes were not as numb as 
the other dermatomes 30 min after the epidural in- 
jection. A possible explanation for the persistent sym- 
pathetic activity in this patient may be that epidural 
anesthesia causes sympathetic blockade mostly at the 
preganglionic level. It may also block some of the 
paravertebral sympathetic ganglia after some of the 
local anesthetic has exited through the intervertebral 
foramina. If very few of the paravertebral ganglia are 
blocked, unblocked sympathetic fibers above the level 
of anesthesia may conduct impulses to the postgan- 
glionic fibers terminating in the lower extremity through 
the paravertebral sympathetic chain. The numerous 
connections between sympathetic preganglionic and 
postganglionic neurons facilitate transmission of these 
impulses (24). 

Our study showed that the two sweat tests are 
more accurate and specific tests of complete sympa- 
thetic blockade than the SGR. Either sweat test is 
acceptable. However, we recommend simultaneous 
use’ of the two tests because they complement each 
other. The observed change in color of the cobalt blue 
when sweating is present prevents unnecessary pro- 
longed application of heat with consequent burning 
of patients’ skin, and the ninhydrin test is suitable as 
a permanent record. 


References 


1. Beene TK, Eggers GW. Use of pulse monitor for determining 
sympathetic block of the arm. Anesthesiology 1974;40:412-4. 

2. Owens S, Atkinson ER, Lees DE. Thermographic evidence of 
reduced sympathetic tone with transcutaneous nerve stimu- 
lation. Anesthesiology 1979;50:62-5. 

3. Kim JM, Arakawa K, Von Lintel T. Use of the pulse wave 
monitor as a measurement of diagnostic sympathetic block and 
of surgical sympathectomy. Anesth Analg 1975;54:289-96. 

4. Teeple E, Scott DK, Ghia JN. Intrathecal normal saline without 
preservative does not have a local anesthetic effect. Pain 
1982;14:3~10. 


5. Léfstrém JB, Lloyd JW, Cousins MJ. Sympathetic neural block- 


15. 


16. 


17. 


18. 


19. 


20. 
21. 


22. 


23. 


24. 


25. 


26, 


27. 


. McCleary 


ANESTH ANALG 
1985;64:415~9 


419 


ade of the upper and lower extremity. In: Cousins MJ, Briden- 
baugh PO, eds. Neural blockade in clinical anesthesia and man- 
agement of pain. Philadelphia: JB Lippincott, 1980:355-82. 


. Lewis LW. Evaluation of sympathetic activity following chem- 


ical or surgical sympathectomy. Anesth Analg 1955;34:334—45. 


. Urban BJ, McKain CW. Local anesthetic effect of intrathecal 


saline. Pain 1978;5:43-52. 


. Dhuner KG, Edshage $, Wihelm A. Ninhydrin test—an ob- 


jective method for testing local anaesthetic drugs. Acta An- 
aesthesiol Scand 1960;4:189-98. 


RA. The nature of the galvanic skin response. Psy- 
chol Bulletin 1950;47:97—115. 


. Cronin KD, Kirsner RLG. Assessment of sympathectomy-——the 


skin potential response. Anaesth Intensive Care 1979;7:353-7. 


. Cronin KD, Kirsner RLG. Diagnosis of reflex sympathetic 


dysfunction. Use of skin potential response. Anaesthesia 
1982;37:848-52. 


. Benzon HT, Linde HW, Hawes DD, Brunner EA. Stellate gan- 


glion block using normal saline. Anesthesiology 1980;52:511-2. 


. Benzon HT, Braunschweig R, Molloy RE. Delayed onset of 


epidural anesthesia in patients with back pain. Anesth Analg 
1981;60:874—7, 


. Feinstein AR. Clinical biostatistics XXXI. On the sensitivity, 


specificity, and discrimination of diagnostic tests. Clin Phar- 
macol Ther 1975;17:104—16. 


Haynes RB. How to read clinical journals: I. To learn about a 
diagnostic test. Can Med Assn J 1981;124:703-10. 


Wright CJ, Cousins MJ. Blood flow distribution in the human 
leg following epidural sympathetic blockade. Arch Surg 
1972;105:334-7, 


Collins VJ. Principles of anesthesiology, 2nd ed. Philadelphia: 
Lea & Febiger, 1976:1029-30. 


Bonica JJ. The management of pain. Philadelphia: Lea & Fe- 
biger, 1953:693-701. 


Cousins MJ, Reeve TS, Glynn CJ, Walsh JA, Cherry DA. Neu- 
rolytic lumbar sympathetic blockade. Duration of denervation 
and relief of rest pain. Anaesth Intensive Care 1979;7:121-35. 


Bernat JL. Intraspinal steroid therapy. Neurology 1981;31:168—71. 


Wood KM, Arguelles J, Norenberg MD. Degenerative lesions 
in rat sciatic nerves after local injections of methylprednisolone 
in aqueous solution. Regional Anesthesia 1980;5:13-5. 


Bromage PR. Epidural analgesia. Philadelphia: WB Saunders, 
1978:620. 


Wightman MA, Vaughn RW. Comparison of compounds used 
for intradermal Anesthesia. Anesthesiology 1976;45:687~9. 


Kim JH, LaSalle AD, Parmley RT. Sympathetic recovery fol- 
lowing lumbar epidural and spinal analgesia. Anesth Analg 
1977;56:352—5. 


Stanton-Hicks M, Murphy TM, Bonica JJ, Berges PU, Mather 
LE, Tucker GT. Effects of peridural block. V. Properties, cir- 
culatory effects, and blood levels of etidocaine and lidocaine. 
Anesthesiology 1975;42:398-407. 

Moore DC. Regional block. A handbook for use in the clinical 
practice of medicine and surgery. Springfield, IL: Charles C. 
Thomas, 1979:211~-8. 

Galindo A, Hernandez J, Benavides O, De Munos SO, Bonica 


JJ. Quality of spinal epidural anaesthesia: the influence of spinal 
nerve root diameter. Br J] Anaesth 1975;47:41-6. 


420 ANESTH ANALG 
1985;64:420-4 





Malignant Hyperthermia: 
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The safety of etomidate for induction of anesthesia in ma- 
lignant hyperthermia-susceptible (MHS) pigs was evaluated 
in a two-phase experiment. Two litters of Purebred Poland 
China pigs, one MHS (n = 4) and the other malignant 
hyperthermta-resistant (MHR)(n = 4) were used. Phase I 
compared MHS vs MHR animals in terms of cardtovas- 
cular, metabolic, and skeletal muscle rigidity responses to 
etomidate and fentanyl anesthesia and to a subsequent 
malignant hyperthermia (MH) challenge with halo- 
thane-succinylcholine. When three of the four criteria for 
the diagnosis of MH occurred (rigidity, tachycardia, or in- 
creases in temperature or end-tidal CO2) in an animal, phase 
I was terminated. In phase II, only the MHS animals were 
used and experimental procedures were as in phase I except 
thiopental replaced etomidate. In phase I, evidence was in- 
adequate to support the diagnosis of MH based upon re- 


Malignant hyperthermia (MH) is a catastrophic, hy- 
permetabolic syndrome induced by commonly used 
general anesthetics (1). The anesthetic agents that can 
be used safely in known MH-susceptible (MHS) pa- 
tients are few (1). Etomidate, a nonbarbiturate intra- 


venous hypnotic agent, has certain advantages when | 


compared to thiopental. Etomidate maintains cardio- 


vascular stability and does not cause marked respi- 


ratory depression or histamine release (2,3). How- 
ever, etomidate is associated with myoclonic 
movements during induction of anesthesia in as many 
as 70% of patients (4). It is not known whether this 
side effect or other effects of etomidate can produce 
the MH syndrome in MH-susceptible patients. The 
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sponses of MHS pigs to the infusion of etomidate even 
though the infusion of etomidate in MHS pigs was associated 
with statistically significant increases in body temperature 
and plasma lactate levels above those observed in MHR pigs. 
Heart rate and bicarbonate levels were lower in MHS than 
in MHR pigs during etomidate infusion. With discontin- 
uation of etomidate and a subsequent challenge with halo- 
thane—succinylcholine, all four pigs developed the MH syn- 
drome within 15-30 min. Thiopental replacement of etomidate 
in the phase II experiment resulted in a twofold greater time 
(45-75 min) for halothane—-succinylcholine to trigger MH 
in the susceptible pigs. We conclude that etomidate does not 
trigger MH in MHS pigs, but compared to thiopental, it 
predisposes the MHS pigs to a more rapid onset of the MH 
syndrome triggered by halothane—succinylcholine. 


Key Words: ANESTHESIA, INTRAVENOUS. HYPER- 
THERMIA—malignant. 


present study was undertaken to evaluate the safety 
of etomidate as an induction agent in MH-susceptible 


pigs. 


Methods 


Four littermate, purebred Poland China pigs, the off- 
spring of MHS parents and biopsy proven for MHS, 
were used in this study. In vitro muscle contracture 
responses to caffeine, halothane, or both disclosed a 
phenotype H (5,6) for each. Four other purebred Po- 
land China pigs, unrelated to the MHSlitterand proven 
by muscle contracture tests not to be MHS were used 
as controls (MH-resistant, MHR). The average weights 
for MH and control pigs were 38 + 6.8 and 38.7 + 
1.3 kg, respectively. Both litters were used in exper- 
imental phase I, which compared the responses to 
etomidate and to a subsequent halothane-succinyl- 
choline challenge. 


Phase I 


In this phase I experiment, each pig was premedicated 
intravenously with diazepam (0.05 mg/kg) and fen- 
tanyl (2 wg/kg). Anesthesia was then induced by the 
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intravenous administration of additional fentanyl (5 
pg/kg) followed: by etomidate (0.9 mg/kg). Orotra- 
cheal intubation immediately followed, after which 
respirations were manually assisted to maintain an 
end-tidal CO, of approximately 5% while breathing 
70% N.O-30% O,. Anesthesia was maintained with 
continuous infusion of etomidate at the rate of 0.08 
mg-kg~?-min~!, and incremental doses of fentanyl, 
1 pg/kg every 30 min in addition to 70% nitrous oxide. 
The effective doses of etomidate used in the present 
study were determined in preliminary studies utiliz- 
ing other pigs. These doses of etomidate were, when 
used in conjunction with other agents, adequate for 
induction and maintenance of anesthesia. A periph- 
eral arterial cutdown was performed, a 3F catheter 
was inserted, and arterial pressure was continuously 
monitored and recorded. Rectal temperature, heart 
rate, electrocardiogram, and end-tidal CO, were con- 
tinuously monitored and recorded at 15-min intervals 
throughout each experiment. Arterial blood was ob- 
tained at 15-min intervals for the measurement of 
blood—gas tensions, pH, and lactate. Lactate was de- 
termined enzymatically by a spectrophotometric 
technique. 

After a total of 5 mg/kg of etomidate had been 
administered, the infusion was stopped, the nitrous 
oxide was discontinued, and the MH challenge ini- 
tiated by ventilating the animals with 2% halothane 
in oxygen for 1 hr followed by succinylcholine (2 mg/kg 
intravenously) every 15 min while halothane was con- 
tinued for an additional hour. When three of four 
criteria for MH were present (i.e., rigidity, tachycar- 
dia, or increases in end-tidal CO, or temperature), 
MH was diagnosed and the experiment concluded. 
Each animal developing these MH clinical criteria was 
treated with dantrolene (2.5 mg/kg) and each had an 
uneventful recovery. 


Phase Il 


Phase II of the experiment involved only the MHS pigs 
that were used 10 days after the phase I experiment. 
Experimental procedures in phase II duplicated those 
in phase I except that thiopental replaced etomidate 
in the following manner. The dose of thiopental used 
for induction of anesthesia was 20 mg/kg and main- 
tenance of anesthesia was with thiopental (2.5 mg/kg) 
every 5 min for the time period equal to that over 
which etomidate was infused in the same animal. The 
halothane—succinylcholine challenge followed as in 
phase I. The MHS animals gained, on the average, 2 
kg between phase I and II experiments. 

Data were statistically analyzed by paired t-test and 
by analysis of variance. Because phase I consisted of 
both MHS and MHR pigs, the investigators were 
blinded to the MH-susceptibility of each animal. 
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Results 
Phase I — 


Immediately after inducticn of anesthesia with fen- 
tanyl and etomidate, myoclonic movements occurred 
in 50% of the animals with no differences observed 
in the incidence or severity of these movements in 
MHS and MHR pigs. During maintenance of anes- 
thesia with etomidate infusion, slight to moderate 
tremors occurred intermittently in all animals. How- 
ever, the level of anesthesia was adequate for surgical 
cutdown for arterial cannulation. Variables measured 
in MHS and MHR animals during phase I are pre- 
sented in Tables 1 and 2. No statistically significant 
changes in these variables occurred within either group 
of pigs during the time course of the etomidate in- 
fusion. Comparing variables between the two groups 
of pigs during etomidate infusion showed that heart 
rate and bicarbonate levels were significantly lower 
(P < 0.05), while lactate levels and temperature were 
significantly higher in MHS pigs. Based on the four 
MH diagnostic criteria, MH was not observed in any 
animal during the etomidate infusion period. 

Within 15 min of initiation of halothane—MH chal- 
lenge, three of the four MHS pigs developed three of 
the four criteria of MH. The fourth MHS pig devel- 
oped these symptoms 30 min after onset of halothane 
anesthesia. None of the MHR pigs developed any of 
the criteria suggestive of MH. After the development 
of MH diagnostic criteria, each MH episode was im- 
mediately treated by intravenous administration of 
dantrolene (2.5 mg/kg). 


Phase II 


The thiopental-treated MHS pigs developed, after ex- 
posure to halothane, the criteria for an MH crisis sim- 
‘ar to those produced when treated with etomidate 
(Figs. 1-3). However, time to development of these 
criteria was significantly {P < 0.005) longer in the 
thiopental-treated than in the etomidate-treated pigs 
(58 + 10 and 18 + 6 min, respectively) (Table 3). Prior 
to the administration of halothane in phase II, the 
thiopental-treated animals had lower lactate levels and 
lower body temperature than they. did when treated 
with etomidate (Figs. 1,2). Although onset of MH 
symptoms was delayed by thiopental, when com- 
pared to etomidate, the rate of development and ex- 
tent of metabolic acidosis, increases in temperature, 
and skeletal muscle rigidity were similar to those ob- 
served when the animals were treated with etomidate 
(Figs. 1-3). It appears from Figure 2 that the increases 
in temperature in MHS pigs in phase II is inconse- 
quential; however, each individual MHS animal had 
an increase in body temperature, but these occurred 
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Table 1. Heart Rate, Mean Arterial Pressure (MAP), End-Tidal CO,, and Rectal Temperature during Etomidate Infusion 
Followed by a Halothane—Succinylcholine Challenge in MHS and MHR Pigs 








Variable Group Etomidate 2% Halothane Halothane—succinylcholine 

Time (min) 15 30 45 60 73 90 105 120 135 150 165 180 195 

Heart rate MHR” 79 83 82 76 108 128 125 106 98° 112 107 130 
(beats/min) MHS 65 61 69 61 69 174 131 94 

MAP l MHR 121 127 130 134 127 121 93 81 88 99 92 97 
(mm Hg) MHS 105 146 132 128 137 110 101 123 

End-tidal CO, MHR 5.6 4.8 4,7 4.8 4.6 4.7 4.3 4.7 4.6 4.9 4.6 4.8 4.4 
(vol %) MHS 4.9 4.3 5.1 4.9 4.9 4.8 7.6 6.9 4.8 

Temperature MHR 37.9 37.6 37.6 37.6 37.6 376 37.4 37.3 372 37.1 36.9 36.7 36.6 
CC) MHS 38.2 38.3 383 39.2 383 38.4 384 38.6 38.7 


MHR: n = 4, MHS: n = 4. 
’During halothane challenge MH was triggered in three MHS pigs at 105 min; in the fourth pig, MH was triggered at 120 min. After MH was triggered, 
halothane was discontinued, dantrolene treatment initiated, and the experiment terminated. 


Table 2. Arterial pH, Paco, Pao,, HCO;, and Lactate during Etomidate Infusion Followed by 
Halothane—Succinylcholine Challenge in MHS and MHR Pigs 





Variable Group Etomidate 
Time (min) 30 45 60 75 90 
pH MHR” 7.39 7.47 7.45 7.41 7.42 
MHS 7.41 7.39 7.41 7.43 7.38 
Paco: MHR 39 33 36 38 38 
(torr) MHS 34 37 34 36 38 
Paoz MHR 184 201 194 187 296 
(torr) MHS 212 203 256 254 201 
HCO,- MHR 22 23 24 22 ` 24 
(mEq/L) MHS 20 22 20 22 22 
Lactate MHR 2.3 2.0 1.8 1.9 1.8 
(mm/L) MHS 2.9 3.0 3.2 3. 3.4 


"MHR: n = 4, MHS: n = 4. 


2% Halothane Halothane—succinylcholine 


105 120 135 150 165 180 195 
7.45 7.44 7.42 7.45” 7.41 7.37 7.43 
7,25 7.18 7.24 

35 35 36 33 36 37 37 
48 35 35 
407 397 401 407 402 418 359 
380 434 431 
24 23 23 22 22 23 24 
20 16 15 
1.6 2.0 2:3 2.6 2.8 2.8 2.6 
5.5 12.1 14.2 


‘During halothane challenge, MH was triggered in three MHS pigs at 105 min; in the fourth pig, MH was triggered at 120 min. After MH was triggered, 
halothane was discontinued, dantrolene treatment initiated, and the experiment terminated. 


at different intervals during halothane challenge. 
Therefore, this apparent discrepancy is due to the fact 
that animal temperatures were averaged across time, 


Discussion 


There are few anesthetics considered safe for use in 


the MHS subjects (1). It is important, therefore, to. 


determine the efficacy and safety of any new anes- 
thetic agent, such as etomidate, in patients suscep- 
tible to MH. 

The technique of etomidate administration in the 
present study, along with fentanyl and nitrous oxide, 
provided adequate anesthesia and satisfactory sur- 
gical conditions, in both MHS and MHR pigs. The 
principal side effect attributable to etomidate was a 
50% incidence of mild myoclonic movements ob- 
served in both groups of pigs. Myoclonic movements 
reappeared on emergence or during light phases of 
anesthesia, the latter being readily reversed by sched- 
uled doses of fentanyl. 


Certain significant findings of this study are ap- 
parent. First, during the period of etomidate infusion 
into the MHS pigs and prior to the MH challenge, 
clinical evidence was insufficient to establish the di- 
agnosis of MH, based on the fact that there was no 
tachycardia, rigidity, or increase in the end-tidal COp. 
The second significant finding in this study was that 
although the experimental criteria for the diagnosis 
of MH were not met, there were significant differ- 
ences in cardiovascular and biochemical findings be- 
tween the MHS and MHR pigs during the etomidate 
infusion period in phase I. Compared to the MHR 
pigs, heart rate and bicarbonate levels were lower; 
body temperature and arterial lactate levels were higher 
in MHS pigs. The higher body temperature and lac- 
tate levels in MHS animals probably reflect an in- 
creased muscle activity that is produced by etomi- 
date. However, our clinical observations based on the 
degree and incidence of muscle tremors during etom- 
idate infusion did not detect any differences between 
the MHS and MRR pigs. In view of available data we 
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Figure 1. End-tidal carbon dioxide and blood lactate levels in MHR 
and MHS pigs during etomidate or thiopental treatment followed 
by halothane and _ halothane-plus-succinylcholine challenge. 
MHS-etomidate (®——-@); MHS-thiopental (A———-A); MHR-etom- 
idate (0-0). ("After MH trigger, halothane was discontinued, 
dantrolene treatment initiated, and experiment terminated.) 


cannot discriminate between two possible mecha- 
nisms for the observed increases in temperature and 
lactate levels. It may be that etomidate activates MHS 
muscle more than MHR muscle, but we were not able 
to differentiate this clinically. Such differentiation re- 
quires more discriminating methods to quantitate 
muscle activation. Alternatively, it is possible that the 
same degree of muscle activation produced more heat 
and lactate in the MHS pig muscle in the presence of 
etomidate. 

The third significant finding in this study was the 
difference in responses of MHS pigs in phase I (etom- 
idate) vs phase II (thiopental). Compared to the etom- 
idate-treated MHS pigs, the same pigs receiving thio- 
pental required a twofold longer time of halothane 
administration before the criteria for an MH diagnosis 
were met. The administration of thiopental delays the 
onset of MH in MHS pigs as shown by other inves- 
tigators (7). Prior to halothane challenge, pigs receiv- 
ing thiopental had lower body temperature and lower 
arterial lactate levels than did the same animals re- 
ceiving etomidate. One possibility is that thiopental 
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Figure 2. Heart rate and body temperature in MHR and MHS pigs 
during etomidate or thiopental treatment followed by halothane 
and halothane-plus-succinylcholine challenge. MHS—etomidate 
(e——-e); MH&-thiopental (A A) MHR-etomidate (O——o). 
(*After MH trigger, halothane was discontinued, dantrolene treat- 
ment initiated, and experiment terminated.) 





Figure 3. Serum HCO; and pH levels in MHR and MHS pigs during 
etomidate or thiopental treatment followed by halothane and hal- 
othane-plus-succinylcholine challenge. MHS-etomidate (e——e); 
MH5-thiopental (A-——A); MHR-etomidate (O———0), 
(*After MH trigger, halothane was discontinued, dantrolene 
treatment initiated, and experiment terminated.) ` 
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Table 3. Comparison of Time Required to Trigger MH in 
MHS Pigs from the Start of Halothane in Phases I and I 


Phase I" Phase II 
MHS pig Time (min) Time (min) 
1 15 55 
2 30 60 
3 15 45 
4 15 75 


"Phase I is etomidate pretreatment and Phase Il is thiopental pretreatment 
(see text for details). 


decreases metabolic rate and increases heat loss by 
vasodilation and, by so doing, protects against trig- 
gering MH. In contrast, etomidate may increase mus- 
cle activity and thus increase metabolic rate and body 
temperature. 

Based on the. experimental criteria and results of 
this study, it can be concluded that etomidate alone 
does not trigger the MH syndrome in the MHS pigs. 
Compared with thiopental, etomidate protects the MHS 
animal less than thiopental. It is not yet known whether 
these results can be extrapolated to humans, but if 
so, then thiopental has a greater margin of safety than 
etomidate in MH-susceptible humans. 
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A Comprehensive Computer System for Anesthetic 


Record Retrieval 
G. Bashein, MD, PhD, and C. R. Barna, BA 


BASHEIN G, BARNA CR. A comprehensive computer 
system for anesthetic record retrieval. Anesth Analg 
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We have developed computer software to store data on all 
surgical and obstetrical anesthetics administered by our de- 
partment. The computer system provides information for 
monitoring the residency training program, department and 
operating room management, professional fee billing, and 
research. It imposes little additional workload on our clinical 
personnel, who use simple codes to record the necessary data 
directly on the anesthetic record. Department secretarial 


During surgery, an important part of the anesthetist’s 
task is to document information about the patient, the 
operation, and the anesthetic for the written medical 
record. Before the advent of automatic data process- 
ing equipment, this information was not readily re- 
trievable, but now computers make it potentially ac- 
cessible for use in education, research, operating room 
management, and billing. 

Although suitable computers have been available 
widely in hospitals for over a decade, few data bases 
“ of anesthetics have been reported, and only two re- 
ports (1,2) contain sufficient detail to aid prospective 
designers. The reported systems are divided among 
those used by anesthesia departments (1-4), nursing 
administration (5), and hospital data processing or- 
ganizations (6,7). Ideally, any surgical information 
system should serve the needs of all users and contain 
information abstracted from both the anesthesia rec- 
ord and the operating room record. Rovenstine (8) 
used a punched card system in 1934 to relate the 
information in these two documents and discussed 
its value for improving patient care, yet none of the 
recently reported systems appear to function similarly. 

Our department had two previous computerized 
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staff transcribe data from both the anesthesia and operating 
room records into the computer file, which is then available 
for producing scheduled reports and for answering inquiries 
from a video terminal. The system employs extenstve man- 
ual and computer verification to minimize errors and omis- . 
sions in the data. We report design details and more than 
3.5 years experience with this system, which is now used 
at four affiliated teaching hospitals, has over 50,000 cases 
on file, and adds more than 1800 cases monthly. 


Key Words: RECORDS, ANESTHESIA—computerized. 
STATISTICS. 


systems for surgical data collection, spanning some 
12 years, but these systems suffered from major short- 
comings that limited their usefulness and finally led 
to their discontinuation. We profited from those ear- 
lier experiences when we designed the current data 
base, which has now been used successfully for over 
3.5 years. Because the system has a number of novel 
features not described previously, we report the de- 
sign details and our experience with it. 


Planning the System 


. ur initial task was to select the data elements to be 


stored. Although our charge was to monitor resident 
training activities, we also sought to design a com- 
prehensive system to meet other anticipated needs 
without redundant data entry. Our department’s pre- 
vious experience showed that the quality of data pro- 
vided by personnel in the operating room deteriorates 
rapidly as the requested quantity increases, so we 
planned to ask for only the minimum amount nec- 
essary to meet the anticipated needs. We carefully 
reviewed our departmental requirements, those of our 
professional fee billing organization, the operating 
room, and the American Board of Anesthesiology (for 
reporting training activity), arriving at the list of es- 
sential items shown in Table 1. We deliberately omit- 
ted intraanesthetic complications, because without an 
independent reporter the inevitable underreporting 
would lead to falsely favorable statistics. 
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Table 1. Data Elements from Anesthesia Record 


Element name Length (characters) 


Hospital number’ 

Patient Jast name’ 

Patient first initial" 

Patient middle initial 

Date of birth’ 

Anesthetic agent/technique #1° 
Anesthetic agent/technique #2 and #3 
ASA physical status’ 

Sex’ 

ICDA diagnosis code* 
Department study code 

Faculty study code 

Resident or CRNA identification’ 
Attending staff identification’ 
Date of operation’ 

Anesthesia starting time’ 
Anesthesia ready time 

Surgery starting time 

Surgery ending time 

Anesthesia ending time’ 

First CPT code’ 

Second and third CPT codes 
Nonstandard relative value 
Professional fee discount 
Monitors and qualifying circumstances (6) 
Anesthetizing location” 


— 
m ON o 


z= 
N'T m N OU MA A A A A O em & OO ST NDAN 


"Denotes required items- 


The next decision concerned how best to acquire 
these data and how to enter them into the computer. 
Possible sources included the anesthesia record, the 
operating room record, or coding forms prepared solely 
for this purpose. Possible data entry modes included 
key entry at a video display terminal, either by the 
clinical personnel themselves or by secretarial per- 
sonnel, and automatic entry using mark-sense forms 
(similar to those used on standardized examinations) 
and an optical reader. Our previous system had used 


mark-sense forms covering both sides of a standard- i 


size sheet of paper. The forms required too much 
effort to complete, they frequently became lost, and 
monthly batch processing did not allow for discovery 
of errors and omissions in time to correct them easily. 
Therefore, we chose key entry directly from the office 
copy of the anesthesia record, avoiding the additional 
labor and source of error from a separate form. We 
also expected our personnel te be more careful about 
writing on the official medical record than they had 
been on the auxiliary form. The anesthesia record was 
redesigned for this purpose, with the items necessary 
for computer entry written in their traditional places, 
but in color-shaded boxes for emphasis and using 
simple mnemonic codes where possible (see Fig. 1). 

We rejected the possibility of direct keyboard entry 
by the clinical personnel because it has been shown 
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to be unworkable in other medical settings. Instead, | 
we planned to have the secretaries in each hospital 
use computer terminals and enter the data promptly 
on the first business day after the operation. Thus 
errors and omissions would be discovered and the 
forms returned for correction while the events were 
still fresh in the minds of the clinical personnel. To 
minimize errors, we planned to have the computer 
verify the entered data interactively and produce a 
log of the cases for manual reconciliation with the 
operating room log. 

When our department’s earlier data bases were de- 
signed, general purpose data base management soft- 
ware was not available to facilitate data storage and 
manipulation. Although the computer was pro- 
grammed in Fortran to accept input, to write the data 
on magnetic tape, and to generate routine reports, 
there was no capability to produce ad hoc reports or 
to answer questions not anticipated when the pro- 
grams were written. Since then, versatile data base 
management software (System-1022, Software House, 
Cambridge, MA) became available for the mainframe 
computer (DECsystem-10, Digital Equipment Cor- 
poration, Maynard, MA) in our Health Sciences Cen- 
ter, and we chose to use this rather than a dedicated 
microcomputer for several reasons. First, we expected 
that the programming would be easier with this data 
management software and a flexible screen-format- 
ting data entry package developed locally. Second, 
the expected processing and disk storage require- 
ments would tax the available microcomputer sys- 
tems. Third, our computing center provides for si- 
multaneous telephone-line access from remote 
hospitals, and finally, it has an elaborate disk file pro- 
tection arrangement and daily magnetic tape backup 
of the disk to ensure the confidentiality, security, and 
safety of our data. 


System Design 


Coding and Data Entry 


The coding of anesthetics is problematic. No widely 
accepted scheme is available, and it is difficult to de- 
scribe succinctly the various combinations of anes- 
thetic techniques and drugs. We decided that the es- 
sential descriptors of a general anesthetic are the 
maintenance agents used, so we do not tabulate the 
induction agents, muscle relaxants, or other adjuvant 
drugs. For regional anesthesia, we decided that the 
essential element is the technique employed, and we 
omit entering the local anesthetic agent(s). When bal- 
anced general anesthesia or combined regional- 
general anesthesia is administered, it is often difficult 
to state which is the primary and which are the aux- 
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iliary anesthetics, so we allow entry of up to three for ‘viewpoint, but differ importantly so far as chart re- 


each operation without implying any order of prec- 
edence. The three-letter mnemonic codes for general 
and regional anesthetics are shown in Table 2. To 
record use of invasive monitors and other unusual 
situations, we devised the single-letter codes shown 
in Table 3 and allow recording of up to six of them, 
in any order, in the lower right corner of the anes- 
thetic record. 

For the remaining data, we use standardized en- 
coding methods to the extent possible. The anesthe- 
tist encodes the operations (up to three per anesthetic) 
while in the operating room, using the five-digit CPT- 
4 system (9). We think that the coding should be 
performed when the surgeon is available for confir- 
mation, because often there are distinct codes for op- 
erations that differ only slightly from the anesthetic 


view or operating time statistics are concerned. We 
do have the patient’s diagnosis encoded postopera- 
tively by our secretaries (10); it is used only for billing 
purposes and need not be precise because similar in- 
formation is available from our medical records de- 
partment computer. Personnel are identified by stan- 
dard four-digit codes assigned by the School of 
Medicine, and patient physical status is described by 
the familiar American Society of Anesthesiologists code. 

We also made provision for special study codes, 
allowing staff members to readily identify a particular 
series of patients or to link our data base to another 
one for research purposes. A total of ten alphanu- 
meric characters is allowed for these codes, five with 
universal, department-wide definition, and five de- 
fined by individual faculty members for their own 
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Table 2. Anesthetic Agents and Techniques 


Code Agent/technique 
1. General anesthetic agents 
BAR Barbiturate 
ENF Enflurane 
HAL Halothane 
ISF - Isoflurane 
KET = Ketamine 
MOF Methoxyflurane 
N20 Nitrous oxide 
NAR Narcotic 
XGA Other general anesthetic 
2. Regional anesthetic techniques 
A. Subarachnoid block 
SAB Subarachnoid block 
B. Epidural blocks 
CAU Caudal block 
CEP Cervical epidural block 
LEP Lumbar epidural block 
TEP Thoracic epidural block 
C. Nerve root blocks 
CPB Cervical plexus block 
CPV Cervical paravertebral block 
ICB Intercostal block 
LPV Lumbar paravertebral block 
TPV Thoracic paravertebral block 
TSB Transsacral block 
D. Visceral nerve blocks 
CEL Celiac plexus block 
LSB Lumbar sympathetic block 
SGB Stellate ganglion block 
E. Cranial nerve block 
CNB’ Cranial nerve block (any) 
F. Upper extremity blocks 
AXB Axillary block 
ISB . Interscalene block 
IVU IV regional, upper extremity 
SCB > Supraclavicular block 
XUE Other upper extremity block 
G. Lower extremity blocks 
- 4NB i 4-nerve block (lower extremity) 
FEM Femoral nerve block 
IVL IV regional, lower extremity 
PCB Psoas compartment block . 
SCI Sciatic nerve block 
SFB Sciatic/femoral block 
XLE Other lower extremity block 
H. Catheter reinjection 
INJ Reinjection epidural! cath 
I. Miscellaneous block 
XRA Other regional anesthetic 
3. Monitoring 
MON Monitor only 





purposes. Although used infrequently, this feature 
has been invaluable on a few occasions. 

Although our original intent was to design the sim- 
plest possible system, after two years of operation we 
found that a few additions would greatly add to its 
overall utility. By including identification of the sur- 
geon(s) and entering operations done under local 
anesthesia without anesthetist standby, we enhanced 
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Table 3. Monitors and Qualifying Circumstances 


Code Definition 
Arterial cannulation 

Central venous cannulation 
Electroencephalographic monitoring 
Use of controlled hypotension 
Intracranial pressure monitoring 
Mass spectrometer monitoring 
Pulmonary artery cannulation 
Use of hypothermia 

Upright (sitting) position 

Use of extracorporeal circulation 
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the system’s usefulness for operating room manage- 
ment, because we can accumulate time statistics by 
surgeon and analyze overall operating room utiliza- 
tion. The surgical departments have expressed inter- 
est in using our data, and including some additional 
information makes sharing data (and computer charges) 
more attractive to them. To accommodate these ad- 
ditions to the system, we added shaded boxes to the 
operative record (prepared by the circulating nurse) 
and incorporated the additional information (shown 
in Table 4) into the data base. The third copy of the 
modified operative record has an adhesive strip, and 
at the end of the operation it is attached back-to-back 
to the anesthetic record and its data are entered into 
the computer at the same time. This feature has been 
implemented at University Hospital and is now being 
added at the other hospitals. 

For data entry, the screen of the video display ter- 
minal is formatted to duplicate portions of the anes- 
thetic and operative records. The computer checks the 
data interactively for duplication, completeness, and 
internal consistency; it also asks for verification of 
improbable values (see Table 5). The data entered for 
any given anesthetic may vary from 15 elements (78 
characters) to 33 elements (totaling 126 characters), 
and the resulting computer storage requirement, in- 
cluding the computer-generated indices to aid re- 
trieval, is approximately 56 (36-bit) words (equivalent 
to approximately 282 bytes). In addition to the main 
disk file of anesthetics, we need separate files for ver-. 
ification of CPT codes, personnel identification codes, 
anesthetic codes, monitoring codes, anesthetizing lo- 
cation codes, and departmental special study codes. 


Reports 


Software was written to generate the following reports:’ 


Daily log. A daily log of anesthetics for each hospital. 


‘Samples and descriptions of these are available from the au- 
thors on request. 


K 


ANESTHETIC RECORD RETRIEVAL 


Table 4. Data Elements from Operative Record 


Element name Length (characters) 


Attending surgeon 4 
Resident surgeons (2) 

Consultant surgeon 

Attending surgeon present/scrubbed status 
Inpatient/outpatient status 

Wound classification (clean, dirty, etc.) 
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Weekly professional fee billing. The individual patient 
charges are forwarded to our billing organization on 
magnetic tape. 


Monthly reports summarizing hospital activity. Activ- 
ity is broken down by numbers of cases and anes- 
thesia time, overall and for specialized services, such 
as open-heart, neurosurgery, and obstetrics. Com- 
parison of monthly and fiscal year-to-date activity and 
professional fee billing is made for estimating future 
income and personnel requirements. The types of 
anesthesia and use of invasive monitoring are tallied 
as an aid to overseeing the training activities. The 
monthly summary statistics are also accumulated in 
a disk file for generating graphs or long-term trend 
reports on clinical activity. 


Monthly individual activity reports for each department 
member. These are issued promptly at the completion 
of the month and contain statistical summaries and, 
optionally, a detailed listing of individual cases. 
In addition, an annual summary of each resident’s 
activity is prepared for the American Board of 
Anesthesiology. 


Interactions between individual residents and faculty 
members (by number of cases and number of hours of anes- 
thesia). This report is compiled at the end of each 
resident rotation to determine which staff and resi- 
dents are asked to evaluate each other’s performance. 
It helps to reduce the number of evaluations re- 
quested, and assures that the evaluations are based 
upon a significant amount of interaction. 


Workload analysis. Reports have been developed that 
break down activity during regular and nonregular 
hours for each hospital and for specialty services. These 
take into account the starting and ending times of the 
regular workday, call time changeover on weekends 


_ and holidays, the dates of official university holidays, 


and they also properly apportion the time of cases 
that overlap regular and nonregular hours. These re- 
ports have been extremely useful in making decisions 
regarding staffing requirements, remuneration for call 
activity, and time-off allocation. \ 
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Table 5. Checking Performed on Data Entry 


1. Operation date not greater than today’s date. 
. Hospital number check digit valid. 
. No duplication of anesthetic agent/techniques. 
. No duplication of procedure codes. 
. No duplication of monitor/qualiffer codes. 
. Patient sex appropriate to operative procedure. 
. Starting/ready/ending times consistent. 
. Diagnosis code in correct form. 
. Verify that codes for procedures, anesthetics, monitors, 
location, and personnel identification are found in their 
respective files of valid codes. 
10. Operator must confirm operation duration more than 12 hr, 
interval from anesthesia start to anesthesia ready more than 
1 hr, patient age less than 15 days, operation date more than 
15 days ago. 

11. No duplication of already existing record. 
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Ad hoc reports. Interactive inquiry from a computer 
terminal has been useful in answering a variety of 
questions relating to departmental or operating room 
management, determining the patient population 
available for various clinical studies, and evaluating 
the training experience in regional anesthesia and in 
specialized kinds of surgery. The system also pro- 
vides assistance for manual chart review by helping 
to identify the study population by age, sex, operative 
procedure, or other factors. 


Results 


Setting up the system required approximately three 
man-months of effort by a systems analyst and a fac- 
ulty anesthesiologist. Because the system brought sig- 
nificant changes to our record keeping practices and 
office procedures, we decided to implement it first at 
one hospital and to phase in the billing process by 
running concurrently with the manual system until 
it was well proven. After eight months, we progres- 
Sively added three more hospitals to the system. The 
system has been highly reliable; neither human error 
nor machine failure has ever caused more than a sin- 
gle record to be lost during three and one-half years 
of operation and entry of more than 50,000 cases. 
Monthly computer costs are approximately $800 for 
processing 1800 cases, of which $450 is for data entry, 
$125 is for a disk storage space to archive the data, 
and the remainder is for producing reports and per- 
forming ongoing development. Records older than six 
months are infrequently referenced and are kept in 
off-line disk files to reduce storage costs. The system 
incurs no secretarial costs because data entry is less 
time consuming than our previous manual record- 
keeping procedures. However, system maintenance, 
enhancements, generating ad hoc reports, and per- 
forming on-line inquiry continue to consume a sur- 
prising 40-50 hr of the analyst’s time monthly, sug- 
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gesting that such systems should be written by in- 
house personnel, rather than by outside consultants. 
Our experience is consistent with reports that over 
the lifetime of a software package, typically 50% of 
the programming effort is expended in system en- 
hancements and maintenance (11). 

Although originally funded by the department 
without grant support, the system has unexpectedly 
become self-supporting, because previously lost 
professional fees in excess of $2000 monthly are now 
recovered when we check our computer-generated 
log against the operating room records. At the Uni- 
versity Hospital alone, the office copies of approxi- 
mately two anesthetics per month are misplaced, usu- 
ally when high-risk patients bypass the recovery room 
and go directly to the intensive care unit. 

We have found that our residents and others learn 
the coding scheme easily and only occasionally need 
to look up the mnemonic codes for unusual anes- 
thetics. Copies of the codes and instructions for using 
the system are kept in each anethesia machine for 
ready reference. Approximately 10% of the anesthesia 


records are found to be incorrect or incomplete when ` 


first submitted, and these are returned promptly for 
correction and reentered by the following business 
day. 


Discussion 


Our system records considerably fewer data than the 
recently reported CAPE (1) system, because we have 
no preoperative data, and our intraoperative data col- 
lection has been held to a minimum. Nevertheless, 
we consistently find that about 10% of our records 
are incomplete or incorrect on first submittal, and 
although we have been able to reduce this figure tem- 
porarily by circulating reminders to clinical personnel, 
the rejection rate tends to return to 10% soon after 
wards. Chase et al. (1) reported 98% reliability in cli- 
nician-recorded data on their preoperative form, but 
intraoperatively, the reliability (of recording intrave- 
nous fluid administration) was initially only 90.8%. 
The reliability increased to 97% through physician 
education, although it is not stated whether this im- 
provement was sustained. Chase et al. also report a 
data entry error rate of 2%, and similarly, our audits 
find 1-2% of records in error. These observations sup- 
port the importance of making the coding process as 
simple as possible, minimizing any extra effort re- 
quired of clinical personnel, rewarding their efforts 
by providing them with useful information (such as 
the individual activity reports), and having the com- 
puter perform every conceivable check of the data on 
entry. 
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In contrast to the CAPE system, ours uses com- 
mercially available data base management software, 
rather than specially designed data structures, and 
our programs (except for the data entry program) are 
written in the programming language of the data base 
management system, rather than in Fortran or assem- 
bly language. Although we pay a considerable pre- 
mium in processor time and disk storage space for 
using the commerical data base system, the program- 
ming effort was greatly reduced, and the resulting 
programs are far easier to understand and modify. 
What is more important, the data base management 
system allows us to generate ad hoc reports easily 
and to answer questions interactively from a terminal. 
We typically receive two requests for information per 
week from our departmental management, faculty 
anesthesiologists, our surgical colleagues, or the hos- 
pital administration. 

Despite frequent queries from other departments, 
we have had only limited call to provide information 
services on a regular basis and thus share the data 
entry and computer costs. Some departments track 
surgical activity with their own computer data bases, 
duplicating to some extent our own efforts. However, 
their data bases have only a subset of the information 
that we collect, and they do not perform the extensive 
verification that we do. Having a single source for 
surgical data would offer clear advantages to all users, 
if the data processing department could integrate these 
data into a hospital-wide information system (12). Be- 
cause the anesthetist in the operating room is in a 
unique position to gather accurate surgical data, we 
suggest that for surgical data systems of the future, 
anesthesia departments might be made responsible 
for data acquisition and verification, while the com- 
puting organizations be responsible for data archiving 
and dissemination. 

In summary, we have developed a successful sur- 
gical data base that evolved from (less succcessful) 
earlier efforts at computerized case record collection 
in our department. We believe that the keys to the 
success of this system are 1) that it imposes minimal 
additional workload on the anesthetist, 2) that it em- 
ploys extensive manual and computer verification of 
the data, 3) that it provides rapid feedback when er- 
rors or omissions are found, and 4) that it encourages 
faithful completion of the forms by providing essen- 
tial services (such as billing) to the department and 
by providing useful information to all department 
members. In addition, the commercial data base man- 
agement software facilitates maintaining and upgrad- 
ing the system and allows for queries from the com- 
puter terminal as questions arise. These advantages 
have been well worth the additional computer costs. 
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Review Article 


Ionized Calcium, the Heart, and Hemodynamic Function 


Lambertus J. Drop, MD, PhD 


The calcium ion is well known to be essential for 
myocardial contraction-as shown more than 100 years 
ago by Ringer (139); more specifically, as first dem- 
onstrated by McLean and Hastings (109) in 1934, cal- 
cium increases the contractile force of the amphibian 
heart. Clinically, therapeutic use of calcium is com- 
mon as shown by pharmacy statistics obtained at the 
Massachusetts General Hospital, where more than 
30,000 ampuls and syringes of calcium are ordered 
for use in patients each year, on various indications. 
Calcium salts are positive inotropes (22,47,53), but 
they also influence vascular smooth muscle tone 
(74,77,121,167). Because the calcium ion is essential 
to contractility of vascular smooth muscle, the pe- 
ripheral vasculature contributes importantly to the 
blood pressure changes that occur in patients with 
hypocalcemia (30,55,150,153) and hypercalcemia (60, 
99,150). 

The purpose of this paper is to present a current 
review on blood-ionized calcium ([Ca**]) measure- 
ment and its interpretation, on the cardiac and pe- 
ripheral vascular actions of calcium, and on the use- 
fulness and limitations of calcium replacement therapy. 


Although calcium channel blocking drugs are cur-° 


rently of great interest because of their important ben- 
eficial effects for the treatment of different cardio- 
vascular disorders (6,13,21,136), this subject is not 
extensively discussed here. 


Total vs Ionized Calcium 


Calcium in the circulating blood is a source of extra- 
cellular calcium, which is thus available for action 
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within the cell. This blood calcium is present in dif- 
ferent forms: bound or complexed and free or ionized 
(Fig. 1). This division is of major physiological inter- 
est, for only the ionized form is physiologically active, 
as first demonstrated by McLean and Hastings in 1934 
(109). These authors concluded that the ionized cal- 
cium was essential to rhythmical mechanical activity 
of the isolated perfused frog heart. More than four 
decades later this idea was confirmed in the dog heart 
when it was shown that, although simultaneous in- 
fusion of calcium gluconate and trisodium citrate in- 
creased serum concentrations of total calcium, ionized 
calcium levels and myocardial contractility (as mea- 
sured by peak left ventricular dP/dt) decreased in par- 
allel (22). | 

The pioneer work by McLean and Hastings also 
led to the development of a nomogram (110) that has 
become a cornerstone in the clinical evaluation of 
serum-ionized calcium concentrations. This nomo- 
gram allows the ionized calcium concentration to be 
derived when total calcium and total protein concen- 
trations are known, assuming that pH equals 7.35 and 
the albumin:globulin ratio is 1.8. Presently, because 
direct [Ca**] measurements are not always univer- 
sally available in all hospital settings, this (110) or 
similar nomograms (156) form the basis for [Ca**] 
level estimates in both surgical and medical patients. 
Thus total calcium levels are still widely used today 
to reflect calcium homeostasis. However, because 
considerable disturbances in ionized calcium balance 
may exist with normal total calcium values (25,51,94), 
physiological events are more appropriately related 
to ionized calcium. Its measurement is, therefore, em- 
phasized as essential in the understanding of the 
hemodynamic consequences of hyper- and hypo- 
calcemia. 


Clinical [Ca**] Determination 


Plasma ionized calcium may be determined in two 
ways: indirectly, as a correlate of either total calcium 
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Figure 1. Left panel: normal ionized and total calctum concentra- 
tions. Right panel: clinically encountered ionized calcium levels. 
Data in (46), (56), (60), and (144). 


by use of a nomogram (110,156) or as a correlate of 
the duration of the Q-T interval of the electrocardio- 
gram (144,148); or directly, by use of a calcium-selec- 
tive electrode system. 

The indirect methods represent estimates only and, 
therefore, may or may not adequately reflect the cal- 
cium ion status in patients. In nomograms (110,156) 
used to derive ionized calcium, a predictable correla- 
tion between total and ionized calcium is assumed. 
But in several groups of patients, total and ionized 
calcium have been found to change independently, 
leading to a disparity between nomogram-predicted 
[Ca**] values and those directly measured (51,94). 
Although an inverse relationship between [Ca?*] and 
the duration of the S-T segment of the electrocardio- 
gram has been known for decades in patients with 
chronic disturbances in calcium equilibrium (23), acute 
alterations in calcium ion balance cannot be accurately 
determined by the Q-T interval (as a correlate of the 
duration of the S-T segment), as shown clinically 
(73,144) and experimentally (148). Only direct [Ca**] 
measurements by electrode can provide a conclusive 
picture of the calcium ion status in patients, which is 
necessary in patient management. 


Calcium Electrode System 


Like some other frequently measured electrolytes (so- 
dium, potassium, and hydrogen ions), calcium ion 
activity in specimens of whole blood, plasma, serum, 
and aqueous solutions can be measured readily by 
electrode systems that are made highly selective for 
one ionic species. A detailed description of ion-selec- 
tive electrodes is outside the scope of this review, but 
general concepts of electrode design and function will 
be discussed here. 

A calcium ion-selective electrode system consists 
of a measuring electrode that contains an ion-selective 
membrane and an external-reference electrode; both 
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are connected to an expanded scale voltmeter with a 
high input impedance. Because both electrodes are 
also in contact with an electrolyte containing sample 
solution, the system is like an electric circuit. 

Any ion-selective membrane generates a mem- 
brane potential. The diffusion potential that is formed 
with unequal diffusion rates of the electrically charged 
components of an electrolyte was described more than 
a century ago (123,127). Membrane electrochemistry 
was founded in 1890 (127) with the concept of the 
semipermeable membrane, i.e., the membrane that is 
permeable to certain ions and not to others. A mem- 
brane theory of the electrical properties of cells and 
tissues was advanced at the turn of the century (15); 
it still is the basis of current concepts of bioelectric 
potentials today. The study of compact solid mem- 
branes brought the discovery of hydrogen-selective 
glass, which led to the development of pH electrodes 
in the 1920s. Their theory and practical applications 
are now well established. A calcium electrode was 
developed as early as 1898 (105); several other elec- 
trodes that proved to be of limited usefulness were 
developed within the last five decades (1,64,164). These 
electrodes suffered from limited selectivity and poor 
stability in protein-containing solutions. The calcium 
electrode that held promise for use in biological media 
was developed in 1967 (141,142). 

A feature that the calcitum-selective electrode has 
in common with the pH electrode is the mechanism 
of ion exchange, which involves ion transfer across 
the membrane phase boundary at its interface with 
the bathing solution; for this process it is important 
that membrane and bathing solution phases be 
immiscible. 

The calcium-selective membrane with mobile-ion 
selective sites separates two inorganic aqueous cal- 
cium solutions: one, a calcium chloride solution of 
known and constant composition (1071 M).called the 
internal filling solution in which a silver chloride-coated 
silver wire (internal reference element) is positioned 
and the other, the sample solution in which the cal- 
cium ion activity is to be measured in the presence of 
other ions (Fig. 2). The calcium electrode developed 
in 1967 (14) and successful for clinical use is of liquid 
membrane design, i.e., the calcium-selective mem- 
brane actually is a thin sheet of a viscous water-im- 
miscible organic liquid, held in position by an inert 
porous cellulose membrane or incorporated in inert 
material. The organic liquid contains calcium di(n- 
decyl)phosphonate in the organic solvent dioctyl- 
phenylphosphonate (142) (insert, Fig. 2). Other high 
molecular weight organophosphorus compounds and 
solvent mediators (112,115,116,166) and inert sub- 
stances to incorporate the liquid ion exchanger such 
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Figure 2. Diagram of a calcium-selective 
{Ag/AgCI) 


electrode system. The calcium-selective 
membrane separates the sample solution 
from the internal filling solution, in which 
calcium ion activity is constant. The ref- 
erence electrode completes the circuit. A 
pump provides slow, constant flow of the 
sample in which calcium ion activity (Ca**) 
is to be measured. The calcium ion ex- 
changer and mediator solvent, described 
in (112) and (241), are shown in the insert. 
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as poly (vinyl chloride) matrix have been explored; 
the resulting electrodes demonstrated improved ion 
selectivity (115,117,147). The electrode design was also 
simplified (147). 

Within each phase, in the aqueous solutions and 
in the membrane, there is electroneutrality; i.e., there 
is an equal number of positive and negative charges. 
In contrast, at the interface of the organic membrane 
and inorganic electrolyte solutions, the charge equi- 
librium is disturbed, because whereas the calcium ions 
in the membrane are free to exchange with calcium 
ions in the aqueous phase, the organophilic phos- 
phonate ions are limited to the membrane phase be- 
cause in water they are insoluble and immiscible (28). 
The thickness of the membrane is sufficient to provide 
an inside region and two boundary surfaces that sep- 
arate the membrane from the exterior phases (28), and 
calcium ion transport occurs from the aqueous phase 
into the boundary of the membrane phase where the 
calcium ion loses its hydrated layer and complexes 
with the organophosphate sites. However, the total 
number of transported calcium ions is infinitesimal 
relative to the number present in even the most dilute 
sample (142). The transported calcium ions complex 
with the organic phosphate binding sites and the so- 
complexed organophosphate molecules move down 
a concentration gradient leading to a charge separa- 
tion between the membrane boundary interfacing with 
the internal filling solution and the boundarv inter- 
facing with the sample solution; and a membrane po- 
tential difference develops. The movement of calcium 
phosphonate complexes toward the membrane inte- 
rior continues until no further organophosphate sites 
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are available for calcium ion binding with a decrease 
in electrode slope, which indicates that the electrode 
should be replaced. 

Although it is the calcium-selective membrane of 
the calcium-measuring electrode that determines the 
potential generated by the calcium ion in the sample, 
this potential cannot be measured without an external 
reference electrode. It consists of a mercurous chlo- 
ride-coated mercury (Hg/Hg.Cl,) element, positioned 
in a concentrated (3 M or higher) KCI solution (Fig. 
2), to generate a chloride ion potential, which con- 
tributes to the recorded electrode potential. There are 
two other contributing potentials; the first is derived 
from the internal reference element and the second 
is a liquid junction potential generated between the 
potassium chloride (external reference) solution and 
the sample solution. This potential develops because 
the ions present in these two solutions diffuse at dif- 
ferent rates (11). 

The calcium ion activity in the Hiema filling so- 
lution maintains a stable potential between the sil- 
ver-silver chloride internal reference electrode and 
the inside membrane surface and the chloride ion 
provides stable internal and external reference ele- 
ment potentials (142); the junction potential is con- 
stant as long as a,steady state is maintained at the 
boundary between reference and sample solutions (11). 
Changes in the recorded total electrode potential, 
therefore, reflect the calcium-ion activity in the sam- 
ple solution, as determined by the Nernst equation. 
Electrodes currently in clinical use perform according 
to these theoretical expectations, even in complex bio- 
logical media such as plasma or whole blood. 
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Because the electrode potential is an interface phe- 
nomenon, the response time of ion-selective elec- 
trodes is closely related to the speed with which the 
calcium ions in the thin film of aqueous sample so- 
lution in the immediate vicinity of the membrane ex- 
change with those in the membrane, making a flow- 
through design as used in several commercially avail- 
able calcium ion instruments particularly useful (112). 
Essential to the appropriate performance of the entire 
electrode system is an adequate voltmeter sensitivity 
and electrode stability. For example, a 1-mV error in 
electrode potential leads to an 8% error in measured 
calcium ion activity (117). 


lon Selectivity 


Ideally, the calcium electrode should respond only to 
the activity of calcium ions in the sample, i.e., the 
calcium electrode should be calcium-specific. But the 
electrode is ion-selective. The presence of other cat- 
ions, therefore, imposes limitations to the sensitivity 
of the electrode toward the calcium ion. This is a 
problem in biological media such as blood, which rep- 
resents a mixed electrolyte solution also containing 
proteins in which sodium ion activity is about 150 
times that of calcium. The degree to which an elec- 
trode potential represents a particular ion in prefer- 
ence to another is expressed by selectivity constants. 
When the selectivity constant for cations other than 
calcium is high, the electrode response to these cat- 
ions is minimal (119). Generally, selectivity constants 
are estimates, influenced by the ion exchanger, its 
organic solvent, the matrix used to support the mem- 
brane, and total ionic strength of the sample (117). 
For example, one calcium electrode has a selectivity 
constant for sodium of 10* (141). The electrode thus 
responds to calcium in preference to sodium by a 
factor of 104, but the sodium-induced error is also 
determined by its activity and by ionic strength as 
discussed below. Another calcium electrode, manu- 
factured by incorporation of the same liquid calcium 
ion exchanger in a poly (vinyl chloride) matrix mem- 
brane, has a sodium selectivity constant of 8.7 x 10° 
(147). 

Hydrogen ions interfere with calcium ion mea- 
surement but only at pH values at or below 5.5 (141) 
or 6.0 (147), which is well below the physiological pH 
range, and thus a pH-induced interference with cal- 
cium ion measurement is not of clinical concern. How- 
ever, within the physiological pH range, changes in 
pH do cause [Ca?*] changes in blood or plasma sam- 
ples, probably secondary to pH-induced changes in 
the affinity of protein for the calcium ion as mentioned 
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below. Therefore, the calcium ion measurement is 
performed without carbon dioxide loss to prevent sec- 
ondary pH changes. Interference by potassium or 
magnesium ions with calcium ion measurement by 
several different calcium electrodes is small to negli- 
gible because of high selectivity constants and low 
activities of these ions (112). 


Activity vs Concentration 


Ions in very dilute solutions are considered to behave 
like gas molecules, but this parallel does not apply at 
higher concentrations, primarily because of interionic 
electrostatic interactions that limit free movement. 
Determination of vapor pressure, conductivity, and 
freezing point depression have confirmed the idea 
that the apparent number of free ions (activity) in 
solutions is less than calculated from molar concen- 
trations, assuming complete dissociation of salts (75). 
The apparent number of independent ions is referred 
to as ionic activity, which is related to concentration 
by the formula 


where A is the activity, y is the activity coefficient, 
and C is the molar concentration. At infinite dilution, 
y equals 1. 

Ion-selective electrodes respond to ionic activity 
rather than concentration. Hence, activity standards 
would be necessary for electrode calibration. Prepa- 
ration of such standards requires knowledge of the 
activity coefficient of the calcium ion (10). But there 
are two problems. First, the activity of one single ion 
in solution cannot be determined without the pres- 
ence of the corresponding anion. Rather, as an ap- 
proximation and by convention, the calcium ion ac- 


tivity is calculated from the mean ionic activity 


coefficient of the electrolyte CaCl, (75). Second, be- 
cause the most important variable influencing activity 
coefficient is ionic strength (97,118), sodium chloride 
is added to the calcium calibration standard to make 
its ionic strength similar to that of plasma, and that 
alteration has its own influence on the calcium ion 
activity in the calibration standard. Therefore, calcium 
electrode calibration standards are prepared with an- 
alytical reagent grade crystalline CaCl, carefully 
weighed and dissolved is distilled deionized water 
and [Ca**] is expressed in terms of millimolar (mM) 
concentration. 

In the analytical cycle of the calcium electrode sys- 
tem, calcium standard calibration and plasma solu- 
tions move past the electrode in sequence allowing the 
[Ca**] in both solutions to be compared. The adjust- 
ment of ionic strength of the calcium calibration stan- 
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dard with sodium chloride eliminates a parasite po- 
tential of unpredictable magnitude that would develop 
if calibration standard and plasma solutions were of 
grossly unequal ionic strength (57). In view of this, 
urine specimens are not suitable for [Ca**] measure- 
ment by electrode. 

Variations in ionic strength from one plasma sam- 
ple to another are very small except under conditions 
of extreme degrees of hypernatremia or hyponatre- 
mia. For example, a decrease in Na* by 28 mM leads 
to a decrease in measured [Ca**] by approximately 
0.04 mM, and an increase in Na* by the same amount 
leads to an increase in measured [Ca**] by approxi- 
mately 0.04 mM (93). 


Laboratory Use of the Calcium Electrode 


In the clinical laboratory, instrument calibration is 
performed with solutions of different [Ca**] concen- 
trations bracketing the [Ca**] in plasma; and thus the 
relation between standard-generated millivoltages and 
[Ca?*] concentration (mM) is established. The sam- 
ple-generated millivoltage is then determined and its 
value interpolated on the calibration curve to give a 
result in mM. The difference between the millivolt 
readings obtained with two calibration standards must 
be within a predetermined range for adequate elec- 
trode performance. The calcium electrode system 
(NOVA Biomedical) in use at the Acute Care Labo- 
ratory of the Massachusetts General Hospital incor- 
porates three different ion-selective electrodes (so- 
dium, potassium, and calcium); it also performs the 
calibration, slope check, and interpolation procedures 
automatically. The system is also thermostated to 
eliminate errors related to difference in temperature 
at which the [Ca**] is measured and at which [Ca?*] 
is present in the patient. Another attractive charac- 
teristic is that the required sample size is small (300 
pl), a real advantage for samples obtained from pe- 
diatric patients; however, it should be remembered 
that with a small sample size the ratio between syringe 
dead space and sample blood volume is unacceptably 
high. This consideration is of practical importance be- 
cause blood samples are clinically anticoagulated by 
prefilling the syringe dead space with heparin solu- 
tion. The instrument is also equipped to aspirate and 
transport the sample to the sensing electrode, and the 
analytical result is digitally displayed within 90 sec 
after sample aspiration. 

The lower limit of detection is determined by the 
solubility of the ion exchanger in the medium in which 
[Ca**] is to be measured. Several commercially avail- 
able calcium electrode systems have a useful sensi- 
tivity range of 1075-1071 M (91,116). 


p DROP 


A problem with electrode measurements in general 
is electrode drift with passage of time. Easiest to cor- 
rect is a unidirectional parallel drift, i.e., a shift of the 
calibration curve without a change in slope, by re- 
calibration of the electrode system. Thus the NOVA 
instrument is recalibrated every four hours. Liquid 
membrane electrodes may also display a calibration 
curve shift together with a change in slope, i.e., the 
calibration curve pivots around some intermediate point 
but without a predictable pattern. Whenever the slope 
falls below a critical level, an error code is displayed 
by the NOVA instrument. Electrode replacement may 
be required to correct the problem. The most frequent 
causes of electrode drift are temperature gradients 
between the sample (which may have been placed on 
ice) and the electrode, which is minimized by ther- 
mostating the electrode system. Other sources for 
electrode drift are an unstable liquid junction, pres- 
sure variations (owing to partial or complete blockage 
of the fluid lines of the flow-through system) with or 
without loss of membrane integrity, depletion of liq- 
uid ion exchanger and deposition of plasma proteins, 
clots, or debris at the membrane. Deposition of plasma 
proteins is a problem because at physiological pH, 
proteins display cation exchange properties. The flow- 
through design with passage of aqueous solutions 
after passage of plasma or whole blood serves to min- 
imize this problem. Pressure variations can easily oc- 
cur with blood in a system of narrow tubing, but they 
can be minimized by appropriate instrument main- 
tenance procedures at regular time intervals and by 
appropriate anticoagulation of blood samples. 

Our experience indicates that electrodes that mea- 
sure Na+, K+, and [Ca**] have a life span of the order 
of three weeks during which time approximately 4000 
blood and aqueous samples are analyzed. Compar- 
ative cost analysis of [Ca**] measurement by elec- 
trode is impossible because [Ca?*] cannot be mea- 
sured by other analytical techniques readily available 
in the clinica] laboratory. We find the [Ca?*] analysis 
by electrode easy, fast, and reproducible, but famil- 
iarity of the laboratory technical staff with electrode 
measurements in general and electrode malfunction 
troubleshooting procedures are essential. Most of our 
specimens are whole blood rather than serum or 
plasma, because the results are needed within min- 
utes after withdrawal of the blood sample for clinical 
decision making. 

A correlation between [Ca?*] and clinical response 
is observed primarily in the clinical hypocalcemia range 
when left ventricular pump performance decreases 
with decreasing [Ca**] levels. With severe hypocal- 
cemia, there is arterial hypotension that relates to both 
cardiac and peripheral vascular function. The rela- 
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tionship between [Ca**] and clinical response in the 
hypercalcemia range is subtle. Both relationships are 
discussed in detail in the sections that follaw; the 
correlation with cardiac performance is illustrated in 
Figures 4 and 5. 


Interpretation of [Ca**] in Patients 


To interpret [Ca**] measured in patients, comparison 
is made with a reference [Ca?**] value. However, this 
reference (normal mean) [Ca**] value has been a source 
of major concern because of its variation over a rel- 
atively wide range (mean values ranging from 0.96 
(152) to 1.27 mM (93)). Such a range is not compatible 
with the concept of calcium ion concentration being 
among the most tightly regulated physiological vari- 
ables, as proposed by McLean and Hastings (109). 
Recent reports have pointed to the need for attention 
to detail in the technique of [Ca**] measurement and 
uniformity of sample handling, thereby reducing but 
not eliminating the spread of normal mean [Ca**] 
values (52,56). 

In the evaluation of [Ca?*] in patients, several de- 
tails of [Ca**] measurement are of interest because of 
their ability to modify the analytical results. An im- 
portant factor is the particular calcium-selective elec- 
trode system used for [Ca?*] determination (19,56). 
Although different available calcium electrode sys- 
tems have the technology in common, a measurable 
difference in apparent [Ca**] has been documented 


with use of instruments of two different manufactur- - 


ers. For example, the normal [Ca?*] established with 
one instrument was 1.12 + 0.01 mM (mean +t SEM), 
whereas this value was 1.22 + 0.01 mM using an- 
other. Near the upper limit of the clinical hypercal- 
cemia range there was a 15% difference in results 
produced by these two instruments (56). 

Another factor is pH. Because alterations in pH in 
protein-containing solutions are associated with mea- 
surable changes in calcium ion activity, the analysis 
of [Ca?*] is performed by anaerobic introduction of 
the sample of blood, plasma, or serum into the elec- 
trode to prevent carbon dioxide loss and secondary 
changes in pH. In anesthetized patients with a change 
in pH from 7.6 to 7.2, [Ca**] increased on average by 
0.20 mM (32,52,107). This small pH effect may be 
attributed to competition between hydrogen and cal- 
cium ions for protein binding sites (119). 

Third, plasma protein concentrations are important 
because protein represents the chief binding sub- 
stance of calcium in plasma. The difference between 
total calcium (approximately 2.5 mM) and ionized cal- 
cium (approximately 1.10 mM, see Fig. 1) is explained 
primarily by protein binding. The clinical importance 
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of protein affinity for calcium is illustrated by the ob- 
servation that transient lowering of [Ca?*] occurs in 
recipients of processed albumin solutions infused at 
a rapid rate (82). 

Heparin, which can lower [Ca**] both by the neg- 
ative charge on the heparin molecule and by dilution 
of the specimen by the heparin solution, is not of 
clinical concern as long as heparin concentrations re- 
main below 10 units/ml whole blood (52). Thus [Ca?*] 
measurement can be performed in serum, plasma, 
and whole blood. The site of blood sampling (arterial 
or venous) for [Ca**] determination seems unimpor- 
tant because the [Ca**] difference across the systemic 
vascular bed is insignificant over the clinical range of 
[Ca**] (52). 


Calcium and the Heart 
Cardiac Pacemaker Activity 


In all cardiac cells, the interior is separated from the 
extracellular fluid by a phosphobilayer membrane in 
which, according to a current model, specific protein 
subunits function as ion-selective channels; each 
channel more or less specifically controls the passage 
of sodium, potassium, and calcium ions (88,90,157). 
With these ion channels, the cell membrane exerts a 
tight control over the ion distribution on both sides 
of the membrane. This leads to a voltage difference, 
which is measurable as a membrane potential be- 
tween the interior of the cell and extracellular fluid. 
A cycle of opening and closing of the ion-selective 
channels leads to a sequence of ionic translocations 
across the cell membrane, resulting in its depolari- 
zation and electrical activation (88). Subsequent ionic 
movement, including potassium efflux out of the cell, 
returns the membrane potential to its resting state 
(40,151). Designations of transmembrane ionic cur- 
rents include the direction (inward or outward) and 
the ionic charge carrier (sodium, potassium, calcium, 
or chloride ions). Voltage-dependent changes in 
transmembrane currents during depolarization and 
repolarization phases can be recorded as cardiac ac- 
tion potentials that vary from one region of the heart 
to another. Thus their shape, amplitude, and duration 
differ in different areas of the heart. For example, in 
sinoatrial and atrioventricular nodal cells the action 
potential appears as a slowly rising low amplitude 
plateau that is primarily dependent on calcium (slow 
inward) current (40,128). Therefore, the calcium ion 
is crucial for cardiac automaticity. In Purkinje and 
ventricular muscular fibers the general characteristics 
of the action potential are a rapid depolarization (up- 
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Figure 3. Schematic drawing of possible 
mechanism of interaction of contractile 
proteins in the absence (panels A and C) 
and presence (panels B and D) of calcium. 
According to this model, in the resting 
muscle (panels A and C), the troponin com- 
plex is positioned such that interaction be- 
tween actin and myosin head is pre- 
vented. In the presence of calcium (panels 
B and D), there are interactions between 
the proteins of the thin filament with re- 
. position of the troponin—tropomyosin 
complex, allowing binding of myosin heads 
to actin binding sites. (Panels A and B) Lon- 
gitudinal view of model, adapted with 
permission from (120); (panels C and D) 
cross-sectional view of model, adapted with 
permission from (86). 


stroke) followed by a longer lasting plateau (85,159). 
This plateau represents the balance of a slow inward 
current and outward potassium current that termi- 
nates the depolarization. 

Two currents distinguishable by the different re- 
sponse of the conductance mechanism to different 
blocking drugs contribute to the inward current. First, 
there is a fast inward current, produced by sodium 
influx, which corresponds to the initial spike of the 
action potential (40,159). Second, there is a slow in- 
ward current, which is principally characterized by 
influx of calcium during the plateau phase of the ac- 
tion potential (124,138). Thus the calcium ion is es- 
sential to conduction and myocardial contraction 
(85,138). If the extracellular calcium level decreases to 
zero, the slow inward current is carried by the sodium 
ions (137). Calcium efflux occurs by two principal 
mechanisms: the sodium calcium exchange (122) and 
the calcium pump (88). Both mechanisms require the 
splitting of ATP to maintain a 10,000-fold calcium ion 
gradient across the cell membrane (88). 


Excitation—Contraction Coupling 


Entry of calcium ions during the plateau phase is im- 
portant for the linkage between excitation and con- 
traction in myocardial muscle cells (124). Thus the 
calcium ion is an essential coupling factor between 
events at the cell surface (depolarization) and interior 
(contractile apparatus). Excitation—contraction cou- 
pling in cardiac muscles depends on a rapidly ex- 
changeable calcium pool (95,96), and therefore the 
contraction of myocardial fibers is critically dependent 
on extracellular calcium sources. This phenomenon 
was first shown by Ringer (139), who found that con- 
tractions of the isolated frog heart disappeared within 
seconds after perfusion with a calcium-free solution. 
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Calcium is a universal coupling factor between ex- 
citation and response in many different types of cells 
(9,146). Calcium, therefore, is also a key factor in the 
linkage between membrane depolarization, for ex- 
ample, and synthesis and release of intracellular sec- 
ond messengers hormones as well as enzymes. Thus 
calcium controls secretion and release of insulin (44,49), 
aldosterone (125), vasopressin (145), prostaglandins 
(42), renin (38), and neurotransmitters (50,143). A de- 
crease in calcium flux is, for example, associated with 
decreased release of insulin (49). Calcium also acti- 
vates enzymes of the coagulation cascade (71), and 
plays a central role in the mechanisms of action of 


' hormones (12,14,65,146) and different classes of drugs 


(6,100,176). 


Intracellular Calctum—Protein Interaction 


Four major proteins participate in the contractile pro- 
cess: the contractile proteins actin and myosin, and 
the regulatory proteins troponin and tropomyosin (58). 
Troponin consists of three subunits: troponin T, tro- 
ponin I, and troponin C. According to a model of the 
interaction of calcium with the contractile apparatus 
(Fig. 3), calcium binds to troponin C (which is the 
calcium receptor protein on the myofibril) and the 
myosin binding site of actin is exposed (86,120). Uti- 
lizing energy supplied by hydrolysis of ATP, actin 
slides past the myosin filament, and the sarcomere 
shortens or tension develops (83). 

The amount of free calcium present in the cyto- 
plasm is a major determinant of the adequacy of cal- 
cium ion delivery to the contractile proteins; this fac- 
tor can therefore be related to the rate of tension 
development and total tension developed (96). This 
relation has been demonstrated in cardiac myofibrils 
in which the sarcolemma is removed (61,62) so that 
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the sarcoplasmic reticulum remains intact and yet di- 
rectly accessible by externally applied calcium ions. 
In such a preparation no tension is developed (i.e., 
myosin—actin interaction is absent) at [Ca**] of 
1077 M, and maximum tension (maximum myosin- 
actin interaction) is achieved at [Ca?*] of 1075 M. 
But the calcium ion concentration in blood (and there- 
fore, also presumed in the extracellular fluid) is on 
the order of 107? M. Thus as mentioned, the calcium 
gradient across the cell membrane is between 100- and 
10,000-fold, depending on the state of electrical 
activation. 

Crucial to stimulation of the contractile apparatus 
is the transient increase in cytosolic calcium that oc- 
curs principally by three mechanisms: by influx of 
calcium ions from extracellular sources during the pla- 
teau phase of the cardiac action potential (5,137); by 
calcium release from the intracellular calcium stores 
(40); and by sodium—calcium exchange (122). 

Of these mechanisms, calcium release from intra- 
cellular stores is most important because the amount 
of transmembrane flux with each beat is insufficient 
to activate the contractile apparatus. Thus the trans- 
membrane flux acts to increase cytosolic calcium con- 
centration, which triggers the release of calcium from 
stores, located primarily in the sarcoplasmic reticulum 
(62). The instantaneous relation of the intracellular 
myocardial ionized calcium transient and muscular 
tension development can be demonstrated in mam- 
malian heart cell preparations using aequorin as a 
photosensitive protein (4,140). 


Muscular Relaxation 


The calcium binding to troponin C is reversible; thus 
relaxation occurs when the calcium ion is dissociated 
from the troponin binding site. This dissociation oc- 
curs when the free [Ca?*] in the cytosol decreases 
both as a result of sequestration of calcium in the 
storage sites (63) and as a result of extrusion of calcium 
from the cell (2,122). The removal of calcium from the 
contractile sites requires ATP splitting and thus is an 
energy-consuming process (88). In the presence of 
energy deficiency, therefore, relaxation is impaired 
(18,72,102,130). 


Role of Cyclic AMP in 
Excitation—Contraction Coupling 


Besides the calcium ion, the cyclic nucleotide aden- 
osine 3:5 monophosphate (cyclic AMP) is essential as 
a second intracellular messenger in the contractile 
process (135). Calcium and cyclic AMP are interre- 
lated (87,165): calcium regulates the rate of cyclic AMP 
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synthesis and breakdown, while cyclic AMP controls 
calcium ion influx into the cell as shown by a calcium 
inward current that is observed with intracellular ap- 
plication of cyclic AMP (131). Cyclic AMP also controls 
intracellular uptake and release of stored calcium and 
thus, the contraction relaxation cycle (178). 

The current view is that in cardiac muscle, oxida- 
tive phosphorylation is required for activation of the 
slow calcium channels and calcium flux (88). Calcium 
then acts through phosphorylation of several intra- 
cellular organelles including sarcoplasmic reticulum 
and myofibrils. This response is mediated by a system 
of adenylate cyclase, cyclic AMP, and protein kinase 
(168). Depression of slow channels secondary to in- 
sufficient energy supply with decreased calcium flux 
can explain decreased contractility that occurs with 
ischemia secondary to coronary artery occlusion (159), 
although other mechanisms have been advanced (92). 


Calcium as a Mediator of Action 
of Drugs and Hormones 


The essential role of calcium flux in the rhythmic con- 
tractile activity of cardiac and smooth muscle cells is 
evident from a hypocalcemia-induced decrease in 
contractility of both myocardial (22,53) and peripheral 
smooth muscle fibers (79,99,150,153). In contrast, al- 
though calcium channel blockers impede calcium en- 
try during the plateau phase of the action potential 
(7,21) with an expected lesser tension generation or 
force development, the occurrence of these changes 
depends on the specific calcium blocker and the con- 
tractile tissue (167). For example, nifedipine decreases 
contractility of cardiac and vascular smooth muscle, 
whereas decreased cardiac contractility is hardly mea- 
surable with lidoflazine in therapeutic doses (168). 
Other drugs that depend on calcium flux for their 
action include digitalis glycosides, sympathomimetic 
amines, and anesthetic drugs. The current concept of 
the mechanisms of digitalis action is that digitalis is 
associated with either interference with the enzyme 
essential to sodium pumping activity, with a resulting 
decrease in the amount of calcium pumped out of the 
cell (3), or a derangement of sodium—calcium ex- 
change (96). Both mechanisms result in increased in- 
tracellular calcium pool and thus increased interaction 
of calcium with the contractile elements. The B- 
adrenergic agonists augment the calcium influx by 
increasing the number of functional calcium channels 
(100). The a-adrenergic stimulation with norepineph- 
rine produces peripheral vasoconstriction secondary 
to increased calcium entry and increased calcium mo- 
bilization in vascular smooth muscle cells (169). 
Inhalation anesthetics depress myocardial per- 
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Figure 4. Disparity between force and velocity indices of left ventricular (LV) performance and the influence of initial [Ca?*] on LV 
response to calcium that was infused continuously to produce different stable [Ca**] levels such that all data points of each curve were 
obtained at the same [Ca**]. These stable [Ca**] levels were also present in experiments illustrated in Figure 5. Curves obtained in the 
ejecting dog heart at constant mean arterial pressure and heart rate. Left panel: with initial normocalcemia (dotted line), calcium infusion, 
producing hypercalcemia (solid line), is associated with a small left and upward shift of the curve, and peak LV dP/dt (obtained at constant 
mean aortic pressure, cardiac output, and heart rate) increases (n = 13). Right panel: with initial hypocalcemia, calcium infusion is associated 

with a much greater shift of the curve to the left and upward, although the increase in peak LV dP/dt is similar to that seen in the left 
panel (n = 10). Mean hypo-, normo-, and hypercalcemic values are shown. All curves are schematically drawn on the basis of experiments 
with at least five data points. Mean values for stroke work at LVEDP = 10 and for peak LV dP/dt are given in the insert. Abbreviations: 
MAP, mean aortic pressure; HR, heart rate; LVEDP, left ventricular end-diastolic pressure. Data in (53). 


formance (24,154). For example, halothane depresses 
left ventricular (LV) pump performance as shown by* 
decreased cardiac output.at any end-diastolic pressure 
(154). Halothane also depresses regional myocardial 
shortening and decreases peak LV dP/dt (103). Similar 
effects have also been demonstrated with enflurane, 
halothane, methoxyflurane, and nitrous oxide in the 
decreased force development in papillary muscles 
(24,133). | | 

Several mechanisms for the development of halo- 
thane-induced myocardial depression have been sug- 
gested. First, halothane in clinical concentrations de- 
creases calcium influx through the calcium-selective 
channels (106). Second, halothane may also affect sar- 
coplasmic reticulum uptake and release of calcium 
(106,113,163); its extent seems to depend on intracel- 
lular ATP levels (133). Both these mechanisms inter- 
fere with calcium delivery to the contractile elements. 
Consistent with the idea that anesthetics interfere with 


calcium delivery to the contractile proteins is the ob- 
servation that calcium bolus injection, resulting in in- 
creased extracellular calcium levels, reverses anes- 
thetic-induced depression of papillary muscle 
contractility (132). This is of clinical interest because 
responses to exogenous calcium in patients anesthe- 
tized with potent inhalation anesthetics that depress 
cardiac function (47) differ from those observed in 
patients anesthetized with anesthetics that minimally 
affect cardiac contractility (60). 


[Ca**] and Cardiac Function 


The use of calcium salts in anesthesia may be illus- 
trated by operating room statistics obtained at the 
Massachusetts General Hospital, where the pharmacy 
orders approximately 7500 ampuls and syringes of 
calcium (chloride and gluconate salts combined) for 
use during surgical operations each year. Of these, 
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Figure 5. In vivo relation between [Ca?*] and LV pump function obtained in the ejecting dog heart at constant mean aortic pressure and 
heart rate. Left panel: in the normal dog heart (no ischemia) different hypercalcemia levels (intermediate level, n = 3) produce a small 
displacement vf the curve to the left and upward, whereas with different degrees of hypocalcemia, curves are displaced to the right and 
widely separated (intermediate high and low levels, n = 3; normal, high, and low levels, n = 13). Right panel: regional ischemia (secondary 
to acute left anterior descending [LAD] coronary artery ligation) in the dog heart produced a right and downward shift of the LV function 
curve, which :s displaced to the right with hypocalcemia and to the left with hypercalcemia, but the preligation position is not achieved 
(n = 22). The preligation curve is marked by the dotted line; all postligation curves are marked by the solid lines. All curves are schematically 
drawn on the basis of experiments with at least five data points. In each panel, mean values of stroke work at constant LVEDP are given 
for each mean [Ca?*] value. The sequence of different [Ca?*] levels (as indicated in the key of each panel) in different dogs was randomized. 


Data in (53) and (68). Abbreviations are as in Figure 4. 


approximately 2500 are ordered for patients during 
cardiac operations (approximately 1200 each year) and 
5000 for patients undergoing other operations (ap- 
proximately 20,000 each year). 

Although the general limitations of extrapolation 
of experimental data to humans should be recog- 
nized, calcium-induced hemodynamic and cardiac 
changes recorded in dogs correspond well with those 
in humans. Therefore, observations in the dog im- 
portantly contribute to an understanding of calcium 
effects in the human. 

It has been long known that calcium bolus injection 
is associated with increased myocardial contractility, 
where contractility is measured by peak LV dP/dt. For 
example, CaCl, bolus injection in the intact anesthe- 
tized dog produced a substantial increase in peak LV 
dP/dt (111,155) and in the open-chested dog, peak LV 
dP/dt correlated with [Ca**] over a whole range of 
[Ca**] values (22). But the clinical utility of this cor- 
relation is very limited for two reasons. First, peak 
LV dP/dt is not readily measured in patients. In con- 


trast, cardiac pump function, i.e., that aspect of car- 
diac function that is essential to cardiac output and 
thus to organ perfusion, is readily assessed in patients 
from variables obtained by flow-directed balloon-tipped 
pulmonary arterial catheters. In the operating room 
and intensive care unit, LV pump function is ex- 
pressed in terms of cardiac output or work as related 
to end-diastolic pressure. The second limitation’ of 
peak LV dP/dt as an index of myocardial contractility 
is that it is an index of velocity of myocardial fiber 
shortening recorded in the isovolumic phase of sys- 
tole (172), and changes in peak LV dP/dt do not pre- 
dictably correlate in a quantitative manner with force 
indices that denote pump function and are recorded 
in the ejection phase of systole. As a matter of fact, 
with positive inotropic interventions (e.g., catechol- 
amines (16,41)), but also with negative inotropic in- 
terventions such as myocardial infarction (129), there 
is a disparity between velocity as indexed by peak LV 
dP/dt and force as indexed by LV function curves. 
Such a disparity also occurs with calcium, as shown 


442 ANESTH ANALG 
1985;64:432-51 


A. CALCIUM BOLUS INFUSION 
(15mg -kg I 





Contro! 2 7 
MINUTES FOLLOWING BOLUS 


a DROP 


5, CITRATED BLOOD Belen 
(145ml -kg min) 





Leona aa 
DURING FOLLOWING 
TRANSFUSION TRANSFUSION 


Figure 6. Left panel: transient hypercalcemia with CaCl, bolus infusion (15 mg-kg~') to 12 patients after separation from cardiopulmonary 
bypass. Data points represent mean values. Note the rapid decline of [Ca**] values even with the high dose infused. Data in (60). Right 
panel: transient hypocalcemia with citrated blood transfusion at a rapid rate (1.5 ml-kg~'-min~') in 6 patients. Data points represent mean 
values. Note the rapid return of [Ca?*] towards normal without calcium replacement therapy. The shaded area represents the 95% 


confidence limits. Data in (162). 


in Figure 4. In the left panel, LV performance in the 
dog heart is illustrated during initial normocalcemia 
and subsequent hypercalcemia by calcium infusion. 
In the right panel, left ventricular performance is il- 
lustrated during initial hypocalcemia and subsequent 
normocalcemia by calcium infusion. Although the in- 
creases in mean peak LV dP/dt in the two panels are 
similar, in the right panel the increase in mean stroke 
work at a given end-diastolic pressure (10 mm Hg) is 
19 gm, about five times that observed in the left panel. 


For this reason, we emphasize the clinical utility of, 


the in vivo relation between [Ca?*] and cardiac pump- 

ing action, which is shown as cardiac output or work 

over a wide range of end-diastolic pressures in Figures 
4 and 5. 

It is now clear that both the heart (30,53) and the 
peripheral blood vessels (30,60,150) contribute to the 
hemodynamic response to hypocalcemia and hyper- 
calcemia, as demonstrated when either one of these 
major determinants of hemodynamic performance does 
not change (60,150) or is held constant (53). With an 
intact circulation, if calcium administration enhances 
cardiac output, the instantaneous peripheral vascular 
response to calcium may not become apparent (60,149). 
In contrast, if cardiac output does not change, calcium 
administration produces increased peripheral resis- 


tance (60). These considerations are crucial in the un-. 


derstanding of the apparent controversy of the hemo- 
dynamic effects of hypercalcemia and hypocalcemia. 


Hypercalcemia 


In the operating room, acute hypercalcemia can be 
observed in patients with hyperparathyroidism (73) 
and with the intravenous injection of calcium (60,78). 
The latter form of acute hypercalcemia is the subject 
of discussion here. 


Calcium ton kinetics with calcium bolus injection. The 
clinically reported and recommended doses of cal- 
cium chloride bolus injection, expressed in terms of 
mg of the calcium chloride salt rather than in terms 
of elemental calcium, vary from 3 to 15 mg-kg~' of 
body weight (35,47,54,60,78,34), a very wide range. 
In adults, the intravenous administration of CaCl in 
doses of 5-7 mg-kg~! increases [Ca?*] 0.1-0.2 mM, 
followed within 3-15 min by a decrease towards but 
not to baseline levels (8,47,78). That the [Ca?*] in- 
crease after calcium injection is short-lived has im- 
portant clinical implications, especially because of a 
rapid [Ca**] exchange at the contractile cell mem- 
brane (95,96,151), cardiac and hemodynamic re- 
sponses. are short-lived, as shown experimentally (149) 
and clinically (47,78). With a dose of 15 mg-kg~? cal- 
cium chloride, the peak increase in [Ca**] 2 min after 
injection is 0.7 mM, but this is followed by a decline 
within minutes (60), as seen in the left panel of 
Figure 6. 

The rate of increase and decrease in plasma [Ca**] 
depends on several factors. First among these is the 
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Figure 7. Regional segment length tracings obtained in the ejecting dog heart at constant mean arterial pressure (103 mm Hg), heart rate 
(153 beats/min). and cardiac output (3200 ml-min~'). Tracings in ischemic zones are shown at different [Ca**] levels. Note that with 
ischemia in LAD (B) systolic lengthening has replaced shortening seen during the preceding control period (A). With hypocalcemia, 
systolic lengthening is exaggerated (C); with hypercalcemia (£) it is replaced by shortening. The horizontal] bars indicate systole. Abbre- 
viations: LAD, zone supplied by left anterior descending coronary artery, C,, zone supplied by circumflex coronary artery (control). 


Tracings reproduced with permission from (68). 


calcium ion availability (and thus the degree of ioni- 
zation of the calcium salt) in the calcium preparation 
used for injection, together with the total amount in- 
jected and the time over which it is given. Both cal- 
cium chloride and gluconate are 10% solutions of the 
respective salts in 10-ml ampuls (calcium gluceptate, 
a 5.5% solution in 5-ml ampuls, is no longer available). 
However, although calcium chloride and gluconate 
salts are of the same concentration (10%), the calcium 
content in the chloride salt is greater than in calcium 
gluconate because the elemental calcium content in 
the chloride salt is 27%, whereas that in the gluconate 
is 9%. In addition, calcium chloride is fully ionized in 
solution. Thus responses to intravenous injections of 
calcium chloride exceed those observed with the 
administration of equal volumes and administration 
rates of calcium gluconate (76). With the exception of 
a different calcium content and weakly acidifying 
properties of the chloride salt, the advantages of one 
calcium salt over another have not been documented. 
Quantitative comparative data on calcium chloride and 
gluconate are not available at the present time. 

The second determinant of the increase in plasma 
[Ca?*] after the intravenous injection of calcium salts 
is the initial volume of its distribution and the rate of 
its redistribution and uptake. Although we are not 
aware of calcium distribution data, we believe that in 
the presence of a low cardiac output state (which leads 
to decreased rates of distribution), low calcium doses 
should be used to avoid excessively high calcium lev- 
els that can lead to major disturbances in cardiac rhythm 
and conduction (70,98), particularly in the presence 
of therapeutic digitalis levels (59,104). 


Cardiac effects. As shown in the left panel of Figure 
5, in the nonischemic ventricle, LV function curves 
recorded at different levels of hypercalcemia (but within 
the clinical range) approximate those recorded during 
normocalcemia (53). Even with [Ca?*] held at 1.7 mM, 
i.e., close to the upper limit of the clinically measured 
hypercalcemia range, enhancement of LV pump per- 
formance is only modest as shown by a 10% increase 
in stroke work at a given left ventricular end-diastolic 
pressure (10 mm Hg). This increase is even smaller 
with an intermediate degree of hypercalcemia. Patient 
data confirm that the changes in LV function with 
calcium infusion in pharmacological doses are rela- 
tively small, ranging from 10% with 5 mg-kg~? (78) 
to 20% with 15 mg-kg~‘ (60). 
°” In the presence of regional ischemia (Fig. 5, right 
panel), plasma levels of [Ca**] of 1.7 mM improve 
global function, as shown by a 20% increase of stroke 
work at a given end-diastolic pressure (10 mm Hg) 
(68). Although the calcium-induced improvement in 
regional function of the ischemic zone is not only 
related to an increased calcium level itself but also to 
interaction between different regions (i.e., changes in 
LV geometry), regional mechanical function is im- 
proved with hypercalcemia in both control and isch- 
emic regions (68). As illustrated by the tracings of 
Figure 7, when stroke volume, heart rate, and mean 
arterial pressure are kept constant, hypercalcemia is 
associated with a decrease in end-systolic and end- 
diastolic length in both control and in ischemic zones, 
and the systolic bulge that characterizes the segmental 
ischemic dysfunction is substantially less with hy- 
percalcemia than with normocalcemia. Regional sys- 
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tolic shortening is increased and regional performance 
curves are displaced to the left and upward with hy- 
percalcemia (68). 

A disadvantage of calcium infusion is the aug- 
mented myocardial oxygen consumption without an 
increase in coronary arterial blood flow despite in- 
creased contractility (68). Nevertheless, the improved 
global and regional LV function with calcium infusion 
as discussed supports the use of calcium in patients 
with ischemic heart disease, although the limitations 
in extrapolating experimental data derived from an- 
imals to patients should be recognized, particularly 
when, with intact circulation, the effects of calcium 
infusion on blood pressure and heart rate may also 
become apparent. It is reemphasized that calcium in- 
fusion has disadvantages, but so does stimulation with 
other positive inotropic interventions. In deciding 
whether calcium should be used for stimulation of the 
hypodynamic heart, the anticipated magnitude of car- 
diac improvement (greatest when initial [Ca**] is low, 
as discussed below), the extracardiac effects, and the 
above disadvantages of calcium administration should 
be compared to the usefulness and limitations of other 
positive inotropic interventions. For example, com- 
parative data (calcium chloride vs catecholamine) ob- 
tained in the dog under hemodynamically controlled 
conditions have shown that, for the same increase in 
LV pump performance, the isoproterenol-related in- 
crease in myocardial oxygen consumption exceeds that 
related to calcium by a factor of three (16). 


Hypocalcemia 


Although the term “hypocalcemia” is generally de- 
fined by a low total serum calcium level, severe dis- 
turbances in ionized calcium homeostasis may occur 
without important changes in total calcium (25,51,94). 
This emphasizes the utility of direct [Ca?~] measure- 
ment by electrode in patients with hypocalcemia to 
guide calcium replacement therapy. In the operating 
room, hypocalcemia is common after the administra- 
tion of citrated whole blood (30,31,126,162) or pro- 
cessed albumin solutions (82) after cessation of car- 
diopulmonary bypass (8,45,114). In the intensive care 
unit, acute ionized hypocalcemia can be observed in 
patients with pancreatitis (43,174), sepsis (177), dur- 
ing low output states (54), after x-ray studies with 
infusion of radiographic contrast media (13,36), and 
in patients who require hemodialysis (67,126). 


Calcium ion kinetics with citrate infusion. When cit- 
rated blood is transfused at slow rates, changes in 
[Ca?*] and hemodynamic function are minimal 
(29). However, rapid transfusions at rates of 1.5 
ml-kg~ “min~? or more for several minutes will produce 
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measurable (126,162) but transient (55,162) hypocal- 
cemia and hemodynamic disturbances (126,162), as 
shown in the right panel of Figure 6. 

Cardiac effects. The effect of hypocalcemia on LV 
pump performance of the nonischemic heart is shown 
in the left panel of Figure 5. With a reduction of [Ca** ] 
to 50% of normal, stroke work is severely reduced at 
any end-diastolic pressure; at an LV end-diastolic 
pressure of 10 mm Hg this reduction is approximately 
55% (53). 

A regionally ischemic ejecting heart seems more 
easily depressed by hypocalcemia than is nonischemic 
myocardium; whereas in the absence of ischemia, 
depression of function is reversible with hypocalcemic 
levels of approximately 50% of normal; in the pres- 
ence of regional ischemia, a reversible decrease of 
function is possible only with [Ca?*] at 70% of normal 
(68). The magnitude of global depression with this 
degree of hypocalcemia is shown by the displacement 
of the left ventricular function curves to the right in 
the right panel of Figure 5. Regional function in con- 
trol and ischemic zones is severely depressed by hy- 
pocalcemia; end-systolic and end-diastolic lengths are 
increased; the systolic bulge in the ischemic zone is 
exaggerated (Fig. 7); the systolic shortening is de- 
creased and regional function curves are displaced to 
the right and downward (68). Hypocalcemia also is a 
coronary vasodilator (53,68). 

The changes in cardiac function induced by severe 
hypocalcemia (decreased by 30-50%) as shown ex- 
perimentally (53,68) support the clinical use of cal- 
cium to treat patients with calcium infusion when 
myocardial ischemia and moderate or severe hypo- 
calcemia are present; this combination may occur im- 
mediately after cessation of cardiopulmonary bypass. 
The use of calcium under these conditions is dis- 
cussed below, but it is not accepted practice in all 
centers. ; 

A striking feature of the curves shown in both 
panels of Figure 5 is that the modest increase of LV 
function produced by hypercalcemia contrasts with 
the profound depression of function with hypocal- 
cemia. Such contrast still holds when using a LV end- 
diastolic segment length rather than LV end-diastolic 
pressure as a measure of end-diastolic fiber length 
(53). The clinical importance of this contrast is that 
the magnitude of changes of cardiac function to be 
expected after calcium infusion depends on the initial 
[Ca**]. The increase in stroke work at any end-dia- 
stolic pressure is much greater with calcium infusion 
in the presence of an initial hypocalcemia (Fig. 4, right 
panel) than it is in the presence of an initial normo- 
calcemia (Fig. 4, left panel); at an LV end-diastolic 
pressure of 10 mm Hg, this difference is as great as 
a factor of five. The initial [Ca?*] (or the associated 
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contractile state) as a determinant of the cardiac re- 
sponse to calcium infusion was originally suggested 
by McLean and Hastings nearly 50 years ago (110). 
Consistent with these observations is that, clinically, 
the repeated administration of calcium results in pro- 
gressively lesser responses. However, the mechanism 
of this progressive decrease in response is not im- 
mediately clear. 


Controversial Aspects to Cardiac Responses to 
Hyper- and Hypocalcemia 


Hypercalcemia. Several reports have appeared that 
question the usefulness of calcium infusion in clinical 
doses because of the absence of measurable cardiac 
benefit (34,81,82). The following comments serve to 
explain these observations. In one study, comparative 
statistics on LV function during hypocalcemia (i.e., 
prior to calcium therapy) and after calcium infusion 
are not presented (81). In another study, cardiac out- 
put and arterial blood pressure did increase one min- 
ute after calcium infusion (82), a response in accord 
with the short-lived effects of calcium bolus infusion 
(47,60,149) as illustrated for a high-dose of CaCl, in- 
fusion in patients in Figure 6. If [Ca**] prior to calcium 
infusion is normal, changes in cardiac performance 
are smaller than when initial [Ca**] is low (Fig. 4). A 
number of studies lack [Ca**] measurements or a 
complete hemodynamic profile (34,48,81,82). Calcium 
effects in the presence of potent inhalation anesthetics 
(47), furthermore, are different than those obtained 
in patients during neuroleptanesthesia (60). Finally, 
clinical data suggest that in the presence of preexisting 
cardiac depression secondary to coronary artery dis- 
ease, calcium infusion is associated with an increase 
in cardiac output; whereas in patients without cardiac 
disease, calcium infusion is associated with increased 
systemic vascular resistance (60). 


Hypocalcemia. The work of Bunker et al. nearly three 
decades ago showed a considerable reduction of sev- 
eral measures of cardiac performance with citrate in- 
fusion, and the term “‘citrate intoxication” was intro- 
duced (31). A number of subsequent experimental 
(30,39,126) and clinical (39,162) studies confirmed the 
idea of citrate-induced hypocalcemia, with associated 
decrease in cardiovascular function. Although the ex- 
istence of citrate intoxication has been questioned 
(80,82), at this time the occurrence of severe but tran- 
sient hypocalcemia secondary to rapid transfusion of 
large blood quantities in patients is recognized as an 
indisputable fact (39,81,126,162). 

Some investigators consider the changes in blood 
pressure and cardiac function attending citrated blood 
transfusion to be minimal and unimportant (8,81,82). 
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To explain this view, the rate of blood transfusion, 
not the total amount of blood given, is the determin- 
ing factor in the development of hypocalcemia, as 
originally suggested by Bunker (29). Also, hypocal- 


cemia depression of cardiac function becomes more 


readily apparent in the presence of other depressing 
factors such as B-adrenergic blockade (162), ischemia 
(68), cardiac denervation (158), or hypovolemia prior 
to a citrate load (126). Whether inhalation anesthetics 
are also predisposing factors has not been established. 

Although citrate-induced hypocalcemia at one time 
was considered to be milder with transfusion of blood 
preserved in acid phosphate dextrose (69), its hemo- 
dynamic disadvantages were shown to be comparable 
to those of acid citrate dextrose (55). 


Calcium and Peripheral Vascular 
smooth Muscle 


Although the role of the calcium ion in peripheral 
vascular smooth muscle function has been recognized 
for decades (74,77), it has not been considered in early 
reports on calcium and hemodynamic function (30,31). 
The calcium ion is essential to excitation—contraction 
coupling in peripheral vascular smooth muscle (121, 
167,170) and, therefore, the peripheral blood vessels 
are responsive to alterations in blood ([Ca?*] 
(79,99,150,153). 


Pertpheral Vascular Response to 
Acute Hyper- and Hypocalcemia 


Because increased [Ca?*] is associated with increased 
contractility of vascular smooth muscle, hypercal- 
cemia increases resistance to flow in peripheral ar- 
terial (74,77,150), renal (37), coronary (53), and cere- 
bral (171) vascular beds. Such response has not been 
established for the pulmonary vascular bed. Hypo- 
calcemia is associated with decreased peripheral vas- 
cular resistance, which is an important determinant 
of hypocalcemia hypotension (30,150,153). 

Two main mechanisms are proposed to account for 
vascular responses to alterations in [Ca**]. First, there 
is a direct effect on vascular smooth muscle tone (74,77). 
Strong support for this is provided by the observation 
that systemic vascular resistance is lowered by cal- 
cium entry blocking drugs (7,108). 

Second, there is an effect mediated via the auto- 
nomic nervous system, through catecholamine re- 
lease or stimulation of adrenergic receptors. Cate- 
cholamine release by calcium occurs as the calcium 
ion is involved in “excitation—secretion coupling,” a 
term first coined by Douglas and Rubin (50). Hyper- 
calcemia acts as a stimulus for the release of cate- 
cholamines from both the adrenal medulla (50) and 
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from peripheral autonomic nerve endings (89). Recent 
experiments in dogs, for example, show that the cal- 
cium-induced increase in systemic vascular resistance 
is abolished after adrenalectomy (79). Experimental 
data suggest that hypercalcemia may also stimulate 
œ- and fB-adrenergic receptors. After B-blockade, a 
calctum-induced increase in systemic vascular resist- 
ance is more pronounced than with intact B-adren- 
ergic activity. In contrast, with a-adrenergic blockade, 
hypercalcemia decreased systemic vascular resist- 
ance. With both œ- and B-blockade, the hypercal- 
cemia-induced changes in resistance were variable 
(169). These findings may explain the different car- 
diovascular responses to hypercalcemia observed un- 
der different circumstances. 


Controversial Aspects to the Pertpheral Vascular 
Response to Hyper- and Hypocalcemia 


Hypercalcemia. Because hypercalcemia can increase 
contractility of the heart and peripheral vessels, in- 
creased arterial pressure is among the most readily 
recorded hemodynamic changes after calcium infu- 
sion. However, a major text contains an unreferenced 
statement that calcium infusion is associated with a 
moderate decrease in arterial blood pressure (71). We 
have never seen arterial blood pressure decrease with 
calcium infusion. Whereas some experimental (149, 150) 
and human (60,173) studies have indicated that sys- 
temic vascular resistance increases with calcium in- 
fusion, others have shown a decrease (79,160). Clearly, 
as noted above, calcium can produce changes in both 
cardiac and peripheral vascular function. The extent 
to which each will become apparent depends on the 
initial [Ca?*] or cardiac contractile state (Fig. 4) and 
the initial autonomic nervous system activity (79). 
Furthermore, attention to detail—essential when re- 


cording variables reflecting the different aspects of ° 


hemodynamic function (53,150)—is not apparent in 
some studies (48,81,82). Finally, the state of the ad- 
renergic system influences the hemodynamic re- 
sponse to calcium as mentioned above (79,169). 


Hypocalcemia. A decrease in arterial pressure was 
documented during hypocalcemia in patients by Bun- 
ker et al. over two decades ago (30). However, the 
important role of the systemic vessels in the devel- 
opment of hypocalcemic hypotension was, although 
documented, not recognized (30). These original 
workers stressed the hypocalcemia-related decrease 
in cardiac performance as evidenced by a decrease in 
cardiac work, but there was also a marked decrease 
in arterial blood pressure, in part secondary to de- 
creased systemic vascular resistance. Because arterial 
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blood pressure is included in the numerator of the 


‘formula to calculate cardiac work, cardiac work de- 


creased. Thus the usefulness of cardiac work as an 
index of cardiac performance in the presence of ar- 
terial hypotension is limited. Furthermore, the ap- 
propriate interpretation of the roles of cardiac and 
peripheral vascular performance during hypocal- 
cemic hypotension is impossible if measurements of 
variables denoting LV pump function are lacking (48), 
or if decreased circulating blood volume—the very 
basis for blood transfusion—and hypocalcemia are 
both present (39). 


Calcium Therapy 


In the operating room and the intensive care unit, 
pharmacological support of hemodynamic function 
includes the use of catecholamines and calcium salts. 
Sympathomimetic amines with very short half-lives 
are usually administered by continuous infusion, so 
that their infusion rate can be readily adjusted to the 
need of the individual patient to thereby maintain 
stable hemodynamic function. In contrast, calcium 
salts are usually administered as bolus injections. They 
are not given by continuous infusion because to do 
so would require the calcium electrode system to be 
at the bedside for frequent [Ca**] measurements be- 
cause, if the calcium infusion rate is constant and 
cardiac output decreases for reasons unrelated to cal- 
cium therapy, dangerously high [Ca?*] levels would 
result, leading to serious cardiac rhythm disturbances 
(70,98). 


Indications and Dosage 


Adults. Because the magnitude of citrate-induced 
hypocalcemia with slow blood transfusion in patients 
is small and short-lived, we see no justification for 
routine use of calcium with blood transfusion. How- 
ever, when blood transfusion is both rapid and pro- 
longed (i.e., 1.5 ml-kg~"-min~! for 5 min or more), an 
intravenous calcium bolus may be administered. 
Myocardial depression with a combination of hypo- 
calcemia and B-adrenergic blockade is more severe 
than with hypocalcemia alone (162); therefore, cal- 
cium therapy is also justified with citrated blood 
transfusion at a moderate rate in patients treated with 
B-blockers. The calcium dose depends on the degree 
of hypocalcemia; an appropriate initial bolus dose is 
5-7 mg-kg~? of calcium chloride (84), repeated within 
a few minutes if necessary, as documented by [Ca?**] 
measurement. 

If citrated blood is used to prime the pump oxy- 
genator reservoir, calcium chloride (approximately 500 
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mg/L of priming solution) may be added to minimize 
the hemodynamic disturbances of hypocalcemia upon 
initiation of cardiopulmonary bypass (35,45,84). When 
citrated blood is used for priming, heparin is required 
for anticoagulation. 

In some centers, including the Massachusetts Gen- 
eral Hospital, calcium chloride is routinely used in 
patients with cardiac operations after termination of 
cardiopulmonary bypass (84). Appropriate bolus doses 
range from 7 (84) to 15 mg-kg~* (35,60) over 30-60 


sec, and are repeated if necessary (35,78). According . 


to a recent report, on average, 2 g of calcium chloride 
is given after cessation of bypass in adult patients (35). 
We believe that monitoring [Ca**] is essential to guide 
appropriate calcium replacement therapy. Calcium 
chloride is also routinely used in patients with asys- 
tolic cardiac arrest, in a dose ranging from 5 to 12 
mg-kg~* (21,84). Although comparative data are not 
available, the dose of calcium gluconate (in mg-kg ~’) 
necessary to achieve a given [Ca**] increase would 
be expected to be 2.5-3 times the amount of calcium 
chloride (71). 


Infants and children. By convention, the calcium salt 
used in pediatric patients is calcium gluconate, pri- 
marily because it is considered a safer calcium prep- 
aration than calcium chloride; safer in terms of inci- 
dence of cardiac arrhythmias. However, the safety of 
a given calcium preparation depends on the total 
amount of calcium given and on the time period over 
which it was administered, on the bioavailability of 
the calcium ion in the selected calcium preparation, 
and on the volume of initial distribution. All these 
factors determine the rate of increase in [Ca**] in the 
calcium recipient, and it is this rate of change of [Ca?*] 
together with the absolute [Ca**] levels that deter- 
mine the occurrence of cardiac rhythm or conduction 
disturbances. A second reason for use of calcium glu- 
conate in pediatrics is that it is said to disturb the 
acid-base balance less than does calcium chloride, but 
this is not a problem with short-term calcium replace- 
ment therapy. 

Calcium replacement is indicated during extensive 
pediatric surgery with major blood loss, when blood 
loss and replacement should be measured in terms of 
estimated circulating blood volume. The dose of cal- 
cium gluconate is approximately 100 mg for each 100 
mi blood transfused, but frequent [Ca**] measure- 
ments are necessary, as hypocalcemia still can de- 
velop despite calcium therapy at this rate (45). Thus 
the dose and appropriate timing of calcium admin- 
istration necessary to eliminate a severe hypocalcemia 
still needs definition. 

Calcium is also indicated with exchange transfu- 
sion in newborns (66,134). Although the recom- 
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mended dosage is reported as 100 mg of calcium glu- 
conate for each 100-150 ml of blood exchanged, this 
dose may not be sufficient to prevent hypocalcemia 
(66). Therefore, close [Ca**] monitoring is again es- 
sential. In neonatal hypocalcemia, calcium gluconate 
is recommended (200 mg-kg~’) only for the treatment 
of overt tetany or seizures due to severely depressed 
[Ca**] levels (26,27). For cardiac arrest in children, 
calcium gluconate (10 mg-kg~’) is recommended (161). 


Complications of Calcium Infusion 


A most dramatic description of the adverse hemo- 
dynamic effects that can occur with calcium infusion 
was presented nearly sixty years ago (101). The author 
of this report received a bolus injection of calcium 
chloride and experienced dizziness, syncope, and res- 
piratory failure. Extensive details are not available, 
but the electrocardiogram showed sinoatrial block and 
marked bradycardia. Cardiac massage through the 
abdominal wall at the costal margin was nequarce tt to 
revive this volunteer. 

Even if hypocalcemia is documented, calcium 
administration in pharmacological doses can lead to 
major disturbances of cardiac rhythm including sinus 
arrhythmia, bradycardia, A-V dissociation, and junc- 
tional rhythm (33). The potential risk of calcium bolus 
injection in patients treated with digitalis has been 
alluded to above (104). 

A complication of calcium administration that is 
not life-threatening but noteworthy is the irritation of 
vessel walls and the necrosis of subcutaneous tissue 
upon infiltration of intravenous solution carrying cal- 
cium chloride or gluconate (17,175 ,179). Thus calcium 
should be infused into a (preferably large) vessel with 
established patency. Whether calcium can be safely 
infused into the aorta for treatment of neonatal hy- 
* pocalcemia is a matter of controversy (17, 175). 


The substantial help of Dr. G.A. Geffin and the secretarial assis- 
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References 
1. Abrams IM, Sollner K. The structure of the collodion mem- 
brane and its electrical behavior. J Gen Physiol 1943;26:369--84. 


2. Adams RJ, Schwartz A. Comparative mechanisms for con- 
traction of cardiac and skeletal muscle. Chest 1978;78:123-40. 

3. Akera T, Brody TM. The role of Na*, K* ATPase in the ino- . 
tropic action of digitalis. Pharmacol Rev 1978;29:192-219. 

4. Allen DG, Blinks JR. Calcium transients in aeqorin injected 
frog cardiac muscle. Nature 1978;273:509-13. 

5. Alto LE, Dhalla NS. Myocardial cation contents during in- 
duction of calcium paradox. Am J Physiol 1979;237:713-9. 

6. Antman E, Miller J, Goldberg $5, McAlpin R, Rubenfire M, 
Tabatznik B, Liang C, Heupler F, Achuff S, Reichek N, Gelt- 


448 


10. 


11. 


17. 


18, 


19. 


26. 


27. 


ANESTH ANALG 
1985;64:432-51 


man E, Kerin NZ, Neff RK, Braunwald E. Nifedipin therapy 
for coronary artery spasm. N Engl J Med 1980;302:1269-73. 


. Antman EM, Stone PH, Muller JE, Braunwald E. Calcium 


channel blocking agents in the treatment of cardiovascular 
disorders. I. Basic and electrophysiological effects. Ann Intern 
Med 1980;93:875-85. 


. Auffant RA, Downs JB, Amick R. Ionized calcium concentra- 


tion and cardiovascular function after cardiopulmonary by- 
pass. Arch Surg 1981;116:1072-6. 


. Baker PF. Excitation-secretion coupling. In: Linden RJ, ed. 


Recent advances in physiology. London: Churchill Living- 
stone, 1974:51-86. 


Bates RG, Alfenaar M. Activity standards for ion-selective 
electrodes. In: Durst RA, ed. Ion-selective electrodes. Wash- 
ington DC: National Bureau of Standards (Special Publication 
No. 314), 1969;15-32. - 


Baucke FGK. Reference electrodes for measurement with ion- 
sensitive electrodes. The importance of the liquid junction 
potential. In: Kessler M, Clark LC, Lubbers DW, Silver IA, 
Simon W, eds. Baltimore, MD: University Park Press, 
1976:2004. 


. Bell PD, Navar LG. Cytoplasmic calcium in the mediation of 


macula densa tubulo-glomerulus feedback responses. Science 
1982;215:670~3. 


. Berger RE, Gomez LS, Malletta LE. Acute hypocalcemic effects 


of clinical contrast media injections. Am J Roentgen 
1982;138:283-8. 


. Berl T, Erickson AE. Calcium-prostaglandin interaction in the ' 


action of ADH in the dog. Am J Physiol 1982;242:F313-20. 


. Bernstein J. Untersuchungen zur Thermodynamik der bio- 


elektrischen Ström. Pflueg Arch Ges Physiol 1902;52:521-62. 


. Bodenhamer RM, Drop LJ, Johnson RG, Fowler BN, Geffin 


GA, Newell JB, OKeefe DD, Daggett WM. Myocardial oxygen 
consumption with isoproterenol versus calcium chloride in 
hypocalcemic ventricular failure in dogs. J Surg Res 1985; in 
press. 


Book LS, Herbst JJ, Stward D. Hazard of calcium gluconate 
therapy in the newborn infant: intra-arterial injection produces 
intestinal necrosis in rabbit ileum. | Pediatr 1978;92:793-8. 


Bourdillon PD, Poole-Wilson PA. Effect of ischemia and re- 
perfusion on calcium exchange and mechanical function on 
isolated rabbit myocardiumi. Cardiovasc Res 1981;15:121-30. 


Brauman J, Delvigne C, Deconinck I, Willems D. Factors af- 
fecting the determination of ionized calcium in blood. Scand 
J Clin Lab Invest 1983;4(suppl 165):27-31. ° 


. Braunwald E. Heart disease: a text of cardiovascular medicine. 


Philadelphia: WB Saunders, 1980:806. 


. Braunwald E. Mechanism of action of calcium channel block- 


ing agents. N Engl J Med 1982;307:1618-27. 


. Bristow MR, Schwartz HD, Binetti G, Harison DC, Daniels 


JR. Ionized calcium and the heart. Elucidation of in vivo con- 
centration responses relationships in the open-chest dog. Circ 
Res 1977;41:565-74. 


. Bronsky D, Dubin A, Waldstein SS. Calcium and the electro- 


cardiogram. Am J Cardiol 1961;7:823-32. 


. Brown BR, Crout JR. A comparative study of five general 


anesthetics on myocardial contractility. Anesthesiology 
1971;34:236~45. 


. Brown DM, Boen J, Bernstein A. Serum ionized calcium in 


newborn infants. Pediatrics 1972;49:84]~—7, 


Brown DR, Salsburey DJ. Short-term biochemical effects of 
parenteral calcium treatment of early onset neonatal hypo- 
calcemia. J Pediatr 1982;100:777-81., 


Brown DR, Steranka BH, Taylor FH. Treatment of early onset 
neonatal hypocalcemia. Am J Dis Child 1981;135:24-8. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


99. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


45. 


46. 


47. 


48. 


49. 


DROP 


Buck RP. Theory and principles of membrane electrodes. In: 
Freiser H, ed. Ion selective electrodes in analytical chemistry, 
Vol. 1. New York: Plenum Press, 1978:1-142. 


Bunker JP. Metabolic effects of blood transfusion. Anesthe- 
siology 1966;27:446—53. 


Bunker JP, Bendixen HH, Murphy AJ. Hemodynamic effects 
of intravenously administered sodium citrate. N Engl J Med 
1962;266:372-—7. 


Bunker JP, Stetson JB, Coe RC, Grillo HC, Murphy AJ. Citric 
acid intoxication. JAMA 1955;157:1361-7. 


Cannella G, Christinelli L, Cancarini GC, Maccagnola V, San- 
drini S, Maiorca R. Assessment of calcemic status in dialyzed 
uremic patients. Scand J Clin Lab Invest 1983;43(suppl 
165):105—6. 

Carlon GC, Howland WS, Goldiner PS, Kahn RC, Bertoni G, 
Turnbull AD. Adverse effects of calcium administration. Arch 
Surg 1978;113:882-5. 


Carlon GC, Howland WS, Kahn RC, Schweizer O. Calcium 
chloride administration in normocalcemic critically ill patients. 
Crit Care Med 1980;8:209-12. . 


Catinella FP, Cunningham JN, Strauss ED, Adams PX, Las- 
chinger JC, Spencer FC. Variations in total and ionized calcium 
during cardiac surgery. J Cardiovasc Surg 1983;24:593-602. 


Caulfield JB, Zir L, Harthorne JW. Blood calcium levels in the 
resence of arteriographic contrast materials. Circulation 
1976;52:119-23. 


Chomdej B, Bell PD, Navar LG. Renal hemodynamic and 
autoregulatory response to acute hypercalcemia. Am J Physiol 
1977;232:F490—6. 


Churchill PC. Calcium dependency of the inhibitory effects 
of ADH on in vitro renin secretion in rats. J Physiol 
1981;315:21—30. 


Cooper N, Brazier JR, Hottenrott C, Mulder DG, Maloney JV, 
Buckberg GD. Myocardial depression following citrated blood 
transfusion. Arch Surg 1973;107:756-63. 


Coraboeuf E. Ionic basis of electrical activity in cardiac tissue. 
Am J Physiol 1978;234:H101-16. 


Covell JW, Ross J, Sonnenblick EH, Braunwald E. Comparison 
of the force~velocity relation and the ventricular function curve 
as measures of contractile state of the intact heart. Circ Res 
1966;19:364—72. 

Craven PA, Studer RK, Derubertis FR. Renal inner medullary 
prostaglandin synthesis. A calcium, calmodulin dependent 
process suppressed by urea. J Clin Invest 1981;68:722-32. 
Croton RS, Warren RA, Scott A, Roberts NB. Ionized calcium 


in acute pancreatitis and its relation with total calcium and 
serum lipids. Br J Surg 1981;68:241-4. 


. Curry DL, Bennett LL, Grodsky GM. Requirements for cal- 


cium ions in insulin secretion by the perfused rat pancreas. 
Am J Physiol 1968;214:174-8. 

Das JB, Eraklis AJ, Adams JG, Gross RE. Changes in serum 
calcium ion concentration during cardiopulmonary bypass with 
hemodilution. J Thorac Cardiovasc Surg 1971;62:449~53. 

Das JB, Eraklis AJ, Filer RM, Adams JG. Serum ionic calcium: 
changes with large volume blood transfusion in the infant. J 
Pediatr Surg 1971;6:333-8. 

Denlinger JK, Kaplan JA, Lecky JH, Woilman H. Cardiovas- 
cular response to calcium administration administered intra- 
venously to man during halothane anesthesia. Anesthesiol- 
ogy 1975;42:390—7, 

Denlinger JK, Nahrwold ML, Cardiac failure associated with 
hypocalcemia. Anesth Analg 1976;55:34-6. 

Devis G, Somers G, Van Obberghen E, Malaisse WJ. Calcium 
antagonists and islet function. I. Inhibition of insulin release 
by verapamil. Diabetes 1975;24:547-51. 


IONIZED CALCIUM ANI} CARDIOVASCULAR PERFORMANCE 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


GYA 


58. 


59. 


60. 


61. 


66. 


67. 


68. 


69. 


70. 


71. 


Douglas WW, Rubin RP. The mechanism of catecholamine 
release from the adrenal medulla and the role of calcium in 
stimulus secretion coupling. J Physiol 1963;167:288-310. 


Drop LJ, Cullen DJ. Comparative effects of calcium chloride 
and calcium gluceptate. Br J Anaesth 1980;52:501-6. 


Drop LJ, Fuchs C, Stulz PM. Determination of blood ionized 
calcium in a large segment of the normal population. Clin 
Chim Acta 1978;89:503-10. 


Drop LJ, Geftin GA, O’Keefe DD, Newell JB, Jacobs ML, Fow- 
ler BN, Daggett WM. Relation between ionized calcium con- 
centration and ventricular pump performance in the dog 
under controlled hemodynamic conditions. Am J Cardiol 
1981;47:1042-51. 


Drop LJ, Laver MB. Low plasma ionized calcium and response 
to calcium therapy in critically ill man. Anesthesiology 
1975;43:300-6. 


Drop LJ, Scheidegger D. Haemodynamic consequences of ci- 
trate infusion in the anaesthetized dog: comparison between 
two citrate solutions and the influence of beta blockade. Br J 
Anaesth 1979;51:513-21. 


Drop LJ, Tochka LN, Misiano DR. Comparative evaluation of 
two calcium ion-selective electrode systems, and their utility 
for monitoring steady-state changes in [Ca?*]. Clin Chem 
1982;28:129-33. 


Durst RA. Sources of error of ion-selective electrode poten- 
tiometry. In: Freiser H, ed. Ion-selective electrodes in analyt- 
ical chemistry, Vol. 1. New York: Plenum Press, 1978:311-38. 


Ebashi S, Endo M. Calcium ion and muscle contraction. Prog 
Biophys Mol Biol 1968;18:123-83. 


Elliot RS, Blount SG. Calcium, chelates and digitalis. A clinical 
study. Am Heart J 1961;62:7-21. 


Eriksen C, Sorensen MB, Bille-Brahe NE, Skovsted P. Lunding 
M. Hemodynamic effects of calcium chloride administered 
intravenously to patients with and without cardiac disease 
during neuroleptanaesthesia. Acta Anaesthesiol Scand 
1983;27:13-17. 


Fabiato A, Fabiato F. Contractions induced by a calcium trig- 
gered release of calcium from the sarcoplasmic reticulum of 
single skinned cardiac cells. J Physiol 1975;249:497-517. 


. Fabiato A, Fabiato F. Calcium release from the sarcoplasmic 


reticulum. Circ Res 1977;40:119-29. 


. Fabiato A, Fabiato F. Calcium and cardiac excitation contrac- 


tion coupling. Annu Rev Physiol 1979;41:473-84. 


. Fosbinder RJ. A study of the calcium amalgam electrode in 


dilute aqueous solutions. J Am Chem Soc 1929;51:1345-7. 


. Foster R, Lobo MV, Rasmussen H, Manisic ET. Calcium: its 


role on the mechanism of action of angiotensin II and potas- 
sium in aldosterone production. Endocrinology 1981; 
109:2196~-201. 


Friedman Z, Hanley WB, Radde IC. Ionized calcium in ex- 
change transfusion with THAM buffered ACD blood. Can 
Med Assoc J] 1972;107:742—-5. 


Fuchs C, Brasche M, Donath U, Kubosch J, Quellhorst E, 
Scheler F. Dialysate calcium and plasma calcium fractions dur- 
ing and after haemodialysis. Klin Wochenschr 1975;53:39-42. 
Geffin GA, Drop LJ, O'Keefe DD, Rosenthal SV, Newell JB, 
Jacocks MA, Daggett WM. Global and regional function in 
the regionally ischaemic left ventricle related to plasma ion- 
ized calcium. Cardiovasc Res 1983;17:415-26. 


Gibson JG, Rees SB, McManus T. Replacement of blood loss 
during surgical procedures with blood collected in citrate 
phosphate cextrose solution. N Engl J Med 1960;262:595-7. 


Ginsberg H, Schwartz KV. Hypercalcemia and complete heart 
block. Ann Int Med 1973;79:903. 


Gilman AG, Goodman LS, Gilman A, eds. The pharmaco- 


72. 


73. 


74. 


72: 


76. 


TT. 


78. 
, FE, Dubois Primo J. Compared efficacy of dobutamine and 


79. 


80. 


81. 


82. 


83. 
84. 


85. 


86. 
87. 


88. 


89. 


90. 


91. 


92. 


93. 


ANESTH ANALG 
1985;64:432-51 


449 


logical basis of therapeutics. 4th ed. New York:Macmillan, 
1970:805-11. 


Grossman W, McLaurin LP, Rolett EL. Alterations in left ven- 
tricular relaxation and diastolic compliance in congestive car- 
diomyopathy. Cardiovasc Res 1979;13:514—22. 


Gunst MA, Drop LJ. Chronic hypercalcemia secondary to hy- 
perparathyroidism: a risk factor during anaesthesia? Br J An- 
aesth 1980;52:507-11. 


Haddy FJ. Local effects of sodium,.calctum and magnesium | 
upon small and large blood vessels of the dog forelimb. Circ 
Res 1960;8:57-64. 


Harned HS, Owen BB. The physical chemistry of electrolyte 
solutions. New York: Reinhold, 1958. 


Hempelmann G, Piepenbrock S, Frerk C, Schleussner E. 
Beeinflussung von Herz Kreisiaufparametern durch Calcium 
Glukonat und Calcium Chlorid. Anaesthesist 1978;27:516-22. 


Hinke JAM, Wilson ML, Burnham SC. Calcium and the con- 
tractility of arterial smooth muscle. Am J Physiol 1964;106:211-7. 


d'Hollander A, Primo G, Hennant D, LeClerc JL, Dervaert 


dopamine in association with calcium chloride on termination 
of cardiopulmonary bypass. J Thorac Cardiovasc Surg 
1982;83:264—71. 


Horwitz LD, Lifschitz MD. Role of the autonomic nervous 
system in the pressure responsz2 to calcium in conscious dogs. 
Cardiovasc Res 1980;14:522-—29. 


Howland WS, Schweizer O, Boyan CP. Massive blood re- 
placement without calcium replacement. Surg Gynecol Obstet 
1964;118:814-8. 


Howland WS, Schweizer O, Carlon GC, Goldiner PL. The 
cardiovascular effects of ionized calcium during massive trans- 
fusion. Surg Gynecol Obstet 1977;145:581-6. 


Howland WS, Schweizer O, Jascott D, Regasa J. Factors in- 
fluencing the ionization of calcium during major surgical pro- 
cedures. Surg Gynecol Obstet 1976;143:895-9. 


Huxley HE. Mechanisms of muscular contraction. Science 
1969;164:1356-66. 


Kaplan JA. Cardiac anesthesia. New York: Grune and Strat- 
ton, 1979:60, 141, 503-7. 


Kass RS, Tsien RW. Control of action potential duration by 
calcium ions in cardiac Purkinje fibers. J Gen Physiol 
1976;67:599-617. 


Katz AM. Physiology of the heart. New York: Raven, 1977. 


Katz AM, Bailin G, Kirchberger MA, Today M. Regulation of 
myocardial cell function by agents that increase cyclic aden- 
osine monophosphate production in the heart. In: Fishman 
AP, ed. Heart failure. Washington DC: Hemisphere, 1978:11-28. 


Katz AM, Messineo FC, Herbatte L. Calcium entry blockers 
in coronary artery disease. Circulation 1982;66(suppl [):2-10. 


Kirperkar SM, Misu Y. Release of noradrenaline by splenic 
nerve stimulation and its dependence on calcium. J Physiol 
1967;188:219-34. 


Kohlhardt M, Baner B, Krause H, FLeckenstein A. Differen- 
tiation of the transmembrane sodium and calcium channel in 
mammalian cardiac fibers by use of specific inhibitors. Pflue- 
gers Arch 1972;335:309-16. 


Koryta J. Theory and applications of ion-selective electrodes. 
Analyt Chim Acta 1972;61;329-411. 


Kubler W, Katz AM. Mechanism of early pump failure of the 
ischemic heart: possible role of ATP depletion and inorganic 
phosphate accumulation. Am J Cardiol 1977;40:467-71. 


Ladenson JH, Bowers GN. Free calcium in serum. Determi- 
nation with the ion-specific electrode and factors affecting the 
results. Clin Chem 1973;19:565—72. 


450 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


H. 


TIZ: 


113. 


114. 


115. 


116. 


117. 


ANESTH ANALG 
1985;64:432-51 


-_Ladenson JH, Lewis JW, Boyd JC. Failure of total calcium 


corrected for protein, albumin, and pH to correctly assess free 
calcium status. J Clin Endocrinol Metab 1978;46:986-93. 


Langer GA. Structure and function of the myocardial cell sur- 
face. Am J Physiol 1978;235:H461-8. 


Langer GA. The role of calcium in the control of myocardial 
contractility: an update. J Mol Cell Cardiol 1980;12:231-9. 


Lee CO. Ionic activities in cardiac muscle cells and applications 
of ion-selective microelectrodes. Am J Physiol 1981;241:H459-~78. 


Lemann J, Donatelli AA. Calcium intoxication due to primary 
hyperparathyroidism. Ann Int Med 1964;60:447-61. 


Lifschitz MD. Serum calcium and peripheral! resistance. Ann 
Intern Med 1970;77:482-3. 


Lindemann JP, Watanabe AM. Potential biochemical mech- 
anisms for regulation of the slow inward current: theoretical 
basis for drug action. Am Heart J 1982;103:746-56. 


Lloyd WM. Danger of intravenous calcium therapy. Br Med 
J 1928;1:662~4. 


Lorell BH, Turi Z, Grossman W. Modification of left ventric- 
ular response to pacing-induced tachycardia by nifedipin in 
patients with coronary artery disease. Am J Med 1981;71:667—75. 
Lowenstein E, Foex P, Francis DM, Davies WL, Yusuf S, Ry- 
der WA. Regional ischemic ventricular dysfunction in myo- 
cardium supplied by a narrowed coronary artery with increas- 
ing halothane concentration. Anesthesiology 1981;55:349-59. 
Lown B, Black H, Moore FD. Digitalis, electrolytes and the 
surgical patient. Am J Cardiol 1960;6:309-31. 

Luther RZ. Electromotorische Kraft und Verteilungsgleich- 
gewicht. Z Phys Chem 1896;27:529-71. 

Lynch C, Vogel S, Sperelakis N. Halothane depression of 
myocardial slow action potentials. Anesthesiology 1981; 
55:360-8. 

Madsen $, Olgaard K. Evaluation of a new automatic calcium 
ion analyzer. Clin Chem 1977;23:690—4. 

Mangiardi LM, Hariman RJ, McAllister RG, Bhargawa V, Sura- 
wicz B, Shabetai R. Electrophysiologic and hemodynamic 
effects of verapamil. Circulation 1978;57:366-—73. 

McLean FC, Hastings AB. A biological method for the esti- 
mation of calcium ion concentration. } Biol Chem 1934; 
107:337--50. 

McLean FC, Hastings AB. Clinical estimation and significance 
of calcium ion in the blood. Am J Med Sci 1935;189:501-12. 


Mehmel H, Krayenbuehl HP, Rutishauser W. Peak measured 


velocity of shortening in the canine left ventricle. J App! Phys- e 


iol 1970;29:637—45. 


Meier PC, Ammann D, Morf WE, Simon W. Liquid membrane 
ion-selective electrodes and their biomedical applications. In: 
Koryta J, ed. Medical and biological applications of electro- 
chemical devices. New York: Wiley, 1980:14-91. 


Merin RG. Inhalation anesthetics and myocardial metabolism. 
Anesthesiology 1973;39:216-55. 


Moffitt EA, Starhan Goldsmith RS, Pluth JR, McGoon DC. 
Patterns of total and ionized calcium and other electrolytes in 
plasma during and after a J Thorac Cardiovasc Surg 
1973;65:751-7. 


Moody GJ, Massory NS, Thomas JDR. Calcium ion-selective 
electrodes based on calcium bis[p-1,1,3,3-(tetramethylbutyl- 
phenyl-) phosphate sensor and trialkyl phosphate mediators. 
Analyst 1978;103:68-71. 


Moody GJ, Thomas JDR. Selective ion-sensitive electrodes. 
Watford Herts, England: Merrow Publishers, 1971. 


Moody GJ, Thomas JDR. Applications of ion-selective elec- 
trodes. In: Freiser H, ed. lon-selective electrodes in analytical 
chemistry, Vol. 1. New York: Plenum, 1978:339-435. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


DROP 


Moore EW. Studies with ion exchange calcium electrodes in 
biological fluids: some applications in biomedical research and 
clinical medicine. In: Durst EA, ed. Ion-selective electrodes. 
Washington DC: National Bureau of Standards (Special Pub- 
lication No. 314), 1969:191-286. 


Moore EW. Ionized calcium in normal serum, ultrafiltrates 
and whole blood determined by ion exchange electrodes. J 
Clin Invest 1970;49:318-34. 


Morkin E. Contractile proteins of the heart. Hosp Pract 
1983;18:97-112. 


Movsesian MA. Calcium physiology in smooth muscle. Progr 
Cardiovasc Dis 1982;25:211-24. 


Mullins LJ. The generation of electric currents in cardiac fibers 
by sodium-calcium exchange. Am J Physiol 1979;236:C103-10. 


Nernst W. Zur Kinetik der in Lösung befindlichen Körper. I. 
Theorie der Diffusion. Z Phys Chem 1888;12:613-37. l 


Noble D. Cardiac action potentials and pacemaker activity. 
In: Linden RJ, ed. Recent advances in physiology. London: 
Churchill Livingstone, 1974:1-50. 


Oigaard K, Madsen $, Hammer M, Ladefoged J. Calcium 
dependent aldosterone secretion in anephric non-nephrec- 
tomized patients on regular hemodialysis. ] Clin Endocrinol 
Metab 1978;46:740-6. 


Olinger GN, Hottenrott C, Mulder DG, Maloney JV, Miller J, 
Patterson RW, Sullivan SF, Buckberg GD. Acute clinical hy- 
pocalcemic myocardial depression during rapid blood trans- 
fusion and postoperative dialysis. J Thorac Cardiovasc Surg 
1976;72:503-11. ` 


Ostwald W. Elektrische Eigenschaften halbdurchlassiger 
Scheidewände. Z Phys Chem 1882;6:71-82. 


Paes de Carvalho A, Hoffman BF, Carvalho D. Two compo- 
nents of the cardiac action potential: I. Voltage-time course 
and the effect of acetylcholine on atrial and nodal cells of the 
rabbit heart. J Gen Physiol 1969;54:607-35. 


Parmley WW, Tomoda H, Diamond G, Forrester JS, Crexells 
JN. Dissociation between indices of pump performance and 
contractility in patients with coronary artery disease and acute 
myocardial infarction. Chest 1975;67:141-6. 


Paulus WJ, Serizawa T, Grossman W. Altered left ventricular 
diastolic properties during pacing-induced ischemia in dogs 
with coronary stenoses: Potentiation by caffein. Circ Rés 
1982;50;218-27. 


Pellmar TC. Transmitter-induced calcium currents. Fed Proc 
1981;40:2631—6. 


Price HL. Myocardial depression by nitrous oxide and its re- 
versal by Ca**. Anesthesiology 1976;44:211—5. 


Price HL, Ohnishi ST. Effects of anesthetics on the heart. Fed 
Proc 1980;39:1575-9. 


Radde IC, Parkinson DK, Hoffken B, Appiah KE, Hanley WB. 
Calcium ion activity in the sick neonate: effect of bicarbonate 
administration and exchange transfusion. Pediatr Res 
1972;6:43~9. 

Rasmussen H, Goodman DBP. Relationships between calcium 


and cyclic nucleotides in cell activity. Physiol Rev 1977; 
57:421-509. 


Reimer KA, Lowe JE, Jennings RB. Effect of calcium antagonist 
verapamil on necrosis following coronary occlusion in dogs. 
Circulation 1977;55:581-7. 


Reuter H. Properties of the two inward membrane currents 
in the heart. Annu Rev Physiol 1979;41:413-24. 


Reuter H, Beeler GW. Calcium current and activation of con- 
traction in ventricular myocardial fibers. Science 
1969;163:399--401. 


Ringer S. A further contribution eirda the influence of 


IONIZED CALCIJM AND CARDIOVASCULAR PERFORMANCE 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


different constituents of blood on contractions of the heart. J 
Physiol 1883;4:29—42. 


Rose B, Lowenstein WR. Calcium ion distribution in cyto- 
plasm visualized by aequorin diffusion in cytosol restricted 
by energized sequestering. Science 1975;190:1204-6. 


Ross JW. Calcium selective electrodes with liquid ion exchan- 
ger. Science 1967;156:1378-9. 


Ross JW. Solid state and liquid membrane ion selective elec- 
trodes. In: Durst RA, ed. Ion-selective electrodes. Washington 
DC: National Bureau of Standards (Special Publication no. 
314), 1969:57-88. 


Rubin RP. The role of calcium in the release of neurotrans- 
mitter substances and hormones. Pharmacol Rev 1974; 
22:389-—428. 


Rumancik WM, Denlinger JK, Nahrwold ML, Falk RB. The 
Q-T interval and serum ionized calcium. JAMA 1978;240:366—8. 


Russell JT, Thorn NA. Calcium and stimulus secretion cou- 
pling in the neurohypophysis. Acta Endocrinol (Copenh) 
1974;76:449--69. 


Russell Ti, Thorn NA. Calcium and stimulus-secretion cou- 
pling in the neurohypophysis. I. Effects of lanthanum, a ver- 
apamil analogue on *Ca transport and vasopressin release in 
isolated rat neurohypophysis. Acta Endocrinol (Copenh) 
1974;76:47'1-87. 


Ruzicka J, Hansen EH, Tjell JC. Selectrode: the universal ion- 
selective electrode. Part VI: The calcium selectrode employing 
a new ion exchanger in a non-porous membrane and a solid 
state reference system. Anal Chim Acta 1973;67:155-78. 


Scheidegger D, Drop LJ. The relationship between duration 
of Q-T interval and plasma ionized calcium concentration. 
Anesthesiology 1979;51:143-8. 


Scheidegger D, Drop LJ. Calcium ion concentration and beta 
adrenergic activity. J Thorac Cardiovasc Surg 1980;30:441-6. 


Scheidegger D, Drop LJ, Schellenberg JC. Role of the systemic 
vasculature in the hemodynamic response to changes in plasma 
ionized calcium. Arch Surg 1980;115:206-11. 


Schwartz A. Regulation of calcium in cardiac muscle. Ann NY 
Acad Sci 1982;382:183-9. 


Schwartz HD, McConville BC, Christopherson EF. An ion- 
exchange electrode selective for calcium: serum ionized cal- 
cium by specific ion electrode. Clin Chim Acta 1971;31:97-107. 


Shackney $, Hasson J. Precipitous fall in serum calcium, hy- 
potension and acute renal failure after intravenous phosphate 
therapy for hypercalcemia. Ann Intern med 1967;66:906-15. 


Shimosato S, Li LH, Etsten B. Ventricular function during 
halothane anesthesia in closed-chested dogs. Circ Res 
1963;12:63~75. 

Siegel JH, Sonnenblick EH, Judge WD, Wilson WS. The quan- 


tification of myocardial contractility in dog and man. Car- 
diologia 1964;45:189—220, 


Siggaard-Andersen O, Thode J, Fogh-Andersen N. Nomo- 
grans for calculating the concentration of ionized calcium of 
human blood plasma from total calcium. Scand J Clin Lab 
Invest 1583;43(supp! 165):57—64. 


Singer SJ, Nicholson GL. The fluid mosaic model of the struc- 
ture of cell membrane. Science 1972;175:720-31. 


Smith NT, Hurley EJ. Citrate infusion in dogs following car- 
diac autotransplantation. Arch Surg 1969;98:44—8. 


199. 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 


171. 


172. 


173. 


174. 


177. 


178. 


179. 


ANESTH ANALG 45] 
1985;64:432-51 


Sperelakis N, Schneider JA. A metabolic control mechanism 
for calcium ion influx that may protect the ventricular myo- 
cardial cell. Am J Cardiol 1976;37:1079-85. 


Stanley TH, Isern Amaral J, Liu WS, Lunn JK, Gentry S. 
Peripheral vascular versus direct cardiac effects of calcium. 
Anesthesiology 1976;45:46—-58. 


Steward DJ. Manual of pediatric anesthesia. New York: 
Churchill Livingstone, 1979;49:292. 


Stulz PM, Scheidegger D, Drop L], Lowenstein E, Laver MB. 
Ventricular pump performance during hypocalcemia. J Thorac 
Cardiovasc Surg 1979;78:185—94., 


Su JY, Kerrick WGL. Effects of halothane on Ca?* activated 
tension development in mechanically disrupted rabbit myo- 
cardial fibers. Pfluegers Arch 1978;375:111-7. 


Tendeloo HJC. A new and easy method for the potentiometric 
determination of calcium concentrations in solutions. J Biol 
Chem 1936;113:333-9. 

Tsien RW. Cyclic AMP and contractile activity in heart. Adv 
Cycl Nucleotide Res 1977;8:363~420. 

Tsien RY, Rink TJ. Neutral carrier ion selective microelec- 
trodes for measurement of intracellular free calcium. Biol Bio- 
phys Acta 1980;599:623-38. 

VanBreemen C, Aaronson P, Loutzenhiser R, Meisheri K. 
Ca?* movements in smooth muscle. Chest 1980;78:157—-65. 
Vanhoutte PM, Cohen RA. Calcium entry blockers and car- 
diovascular disease. Am J Cardiol 1983;52:99-103A. 
Vanhoutte PM, Verbeuren TJ, Webb RC. Local modulation of 
adrenergic neuroeffector interaction in the blood vessel wall. 
Physiol Rev 1981;61:151—248. 

VanNueten JM, Vanhoutte PM. Calcium entry blockers and 
vascular smooth muscle function. Fed Proc 1981;40:2852-4. 
Walker GL, Williamson PM, Ravich RBM, Roche H. Hyper- 


calcemia associated with cerebral vasospasm causing infarc- 
tion. J Neurol Neurosurg Psychiatr 1980;43:464~7. 


Wallace AG, Skinner NS, Mitchell JH. Hemodynamic deter- 
minants of the maximal rate of rise of left ventricular pressure. 
Am J Physiol 1963;205:30-6. 

Weidmann P, Massry SG, Coburn JW, Maxwell MH, Atleson 
J, Kleeman CR. Blood pressure effects of acute hypercalcemia. 
Ann Intern Med 1972;76:741-~5. 


Weir GC, Lesser PB, Drop LJ. Fischer JE, Warshaw AL. The 
hypocalcemia of acute pancreatitis. Ann Intern Med 
1975;83:185~9. 


. Weiss Y, Ackerman C, Shimlowitz L. Localized necrosis of 


scalp in neonates due to calcium gluconate infusion: a cau- 
tionary note. Pediatrics 1975;56:1084-6. 


. Willerson JT, Crie JS, Adcock RC, Templeton GH, Wildenthal 


K. Influence of calcium on the inotropic action of hyperos- 
motic agents, norepinephrine, paired electrical stimulation and 
treppe: J Clin Invest 1974;54:957—64. 


Woo P, Carpenter MA, Trunkey D. Ionized calcium: the ef- 
fects of septic shock in the human. J Surg Res 1979;26:605-10. 
Woolenberger A, Babskin EB, Krause EG, Ganz $, Blohm D, 
Bogdanova EV. Cyclic changes in levels of cyclic AMP and 
GMP in frog myocardium during the cardiac cycle. Biochem 
Biophys Res Comm 1973;55:446—52. 

Yosowitz P, Ekland DA, Shaw RC, Parsons RW. Peripheral 
intravenous infiltration necrosis. Ann Surg 1975;182:553-6. 


452 ANESTH ANALG 
1985;64:452-3 


Clinical Reports 


Acute Abstinence Syndrome after Epidural Injection 


of Butorphanol 


Steven J. Weintraub, MD, and J. Stephen Naulty, MD 


The abstinence syndrome in humans can be produced 
by the systemic administration of narcotic antagonists 
to patients who are physiologically dependent upon 
narcotics (1). Because of their unique receptor inter- 
actions, drugs in the category of narcotic agonist- 
antagonists have the potential for the precipitation of 
acute symptoms of narcotic withdrawal. We present 
here a case report of the acute abstinence syndrome 
precipitated by an epidural injection of the narcotic 
agonist—antagonist butorphanol in a term parturient 
after cesarean delivery. 


Case Report 


A 37-year-old gravida 6, para 2, woman presented for 
elective repeat cesarean delivery at term. Fetal pre- 
sentation was breech. Her first cesarean delivery was 
performed seven years earlier under epidural anes- 
thesia without difficulty. 

Her past medical history revealed longstanding, 
mild, rheumatoid arthritis for which she received oc- 
casional antiinflammatory medications, none duringe 
this gestation. She had a history of alcohol abuse, but 
denied any alcohol consumption for over one year. 
She had received general anesthesia for open reduc- 
tion and internal fixation of a right wrist fracture three 
years earlier. She also received general anesthesia for 
a tonsillectomy in childhood. She had a 20-pack/year 
history of smoking. Besides prenatal vitamins, she 
stated that she took no other medications at home, 
including narcotic analgesics. 

She weighed 57 kg, was 170 cm tall, her blood 
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pressure was 110/70 torr, and her pulse was 72 and 
regular. The remainder of her physical examination 
was unremarkable. 

On the morning of surgery, a lumbar epidural cath- 
eter was inserted at the second lumbar interspace 
through which the patient received 28 ml of 2% lid- 
ocaine with 1/200,000 epinephrine in divided doses, 
with a resulting level of sensory anesthesia to the first 
thoracic dermatome. 

After an unremarkable delivery of a normal female 
infant, with Apgar score 8/9, the patient received an 
epidural injection of 2 mg of butorphanol dissolved 
in preservative-free normal saline to a total volume 
of 10 ml as part of an approved research protocol 
investigating the use of extradural butorphanol for 
post-cesarean delivery analgesia. 

Approximately 5 min after the injection, the patient 
became acutely restless and agitated. Sensory anes- 
thesia to the second thoracic dermatome was present. 
She became flushed and was noted to be yawning 
and producing copious tears. She complained of nau- 
sea and retched for 1-2 min. Her blood pressure de- 
creased from a preinjection level of 115/70 to 80/50 
torr. She developed a sinus tachycardia with a pulse 
of 130. She was treated with 15 mg of ephedrine in- 
travenously, supplemental oxygen by face mask, 
Trendelenburg position, and a rapid infusion of 500 
ml of Ringer’s lactate solution. Her hypotension and 
tachycardia rapidly resolved, but she remained rest- 
less and agitated during the remaining 15 min of the 
surgical procedure. She was brought to the recovery 
room, where her pulse and blood pressure remained 
normal. Her agitation resolved slowly over 1 hr with- 
out further therapy. 

After the procedure, the obstetrician volunteered 
the “confidential” information that the patient had 
been taking oxycodone (Percodan) every day for at 
least a year prior to delivery. With this information, 
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it became apparent that the patient’s symptcms were 
those of the acute abstinence syndrome precipitated 
by the epidural injection of the narcotic agonist- 
antagonist butorphanol. 

Four hours and fifteen minutes after initiation of 
her epidural anesthesia and one hour after disap- 
pearance of the anesthesia, the patient received hy- 
dromorphone, 1 mg intramuscularly, for relief of in- 
cisional pain. Over the next 24 hr, the patient received 
an additional 2 mg of hydromorphone intramuscu- 
larly and nine tablets of oxycodone orally for relief of 
pain. She received no other medications. 


Discussion 


The administration of butorphanol as an epidural in- 
jection is a safe and effective means of providing post- 
operative analgesia (2). The mechanism of action ap- 
pears to be related to the ability of butorphanol to 
bind with central nervous system opiate receptors after 
diffusion from the epidural space into the neuraxis 
(3). 

Small amounts of drugs injected into the epidural 
space are absorbed into the systemic circulation, re- 
sulting in detectable serum levels. Systemic absorp- 
tion of butorphanol from the highly vascular epidural 
space of the term parturient may explain the timing 
of the acute abstinence syndrome in our patient. Blood 
levels of meperidine after epidural injection have re- 
sulted in detectable serum levels as early as 5 min 
after injection (4). Similarly rapid vascular uptake has 
been demonstrated for an epidural injection of mor- 
phine sulfate (5). 

Our patient exhibited both cerebral (systemic) and 
spinal (local) effects of the epidural injection of bu- 
torphanol. The cerebral effect was seen as the acute 
abstinence syndrome, while the spinal effect was seen 
as the production of postoperative analgesia. The an- 
algesia can be inferred from the patient’s markedly 
decreased requirement for parenteral narcotics in the 

first 24 hr postoperatively compared to controls, as 
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well as the fact that her epidural anesthesia had worn 
off for almost 1 hr prior to her request for analgesics 
in the recovery room (2). 

One reference exists to hypotension, tachycardia, 
and flushing precipitated by the epidural injection of 
buprenorphine in two morphine-addicted patients with 
chronic pain (6). However, the authors did not cor- 
rectly attribute the observed signs and symptoms to 
an acute abstinence syndrome, but rather to an idio- 
syncratic response to buprenorphine. 

The infant in our case was not exposed to butor- 
phanol because injection was made after delivery and 
clamping of the umbilical cord. She weighed 3685 g 
and had Apgar scores of 8/9. She was described as an 
excessively irritable infant during her first 48 hr of 
life, but did not require any therapeutic intervention 
in the nursery. 

With the increasing use of extradural narcotics for 
relief of chronic and postoperative pain and with new 
research into the use of extradural narcotic agonist- 
antagonists, there exists the potential for complex 
cerebral and spinal opiate receptor interactions. An 
exhaustive medication history is essential to avoid 
administration of narcotic agonist—antagonists to pa- 
tients addicted to narcotics. 
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Comparison of Lumbar and Thoracic Epidural Morphine for Relief 


of Postthoracotomy Pain 


Glenn A. Fromme, MD, Lester J. Steidl, MD, and David R. Danielson, MD 


The use of epidural narcotics has revolutionized post- 
operative analgesia. Narcotics injected in this fashion 
provide excellent analgesia with a relatively low in- 
cidence of side effects. In addition a significant im- 
provement in postoperative pulmonary function has 
been demonstrated with epidural narcotics as com- 
pared to narcotics given intravenously (1). Patients 
having operations that are known to cause significant 
impairment in postoperative pulmonary function stand 
to benefit a great deal from improved postoperative 
analgesia, especially those with preexisting pulmo- 
nary disease. Early reports stress the segmental na- 
ture of analgesia with epidural morphine and suggest 
placement of the epidural catheter at the dermatome 
level corresponding to the origin of the pain. 

We, therefore, adopted the practice of placing tho- 
racic epidural catheters in patients undergoing tho- 
racotomy. Unfortunately, this requires placement of 
epidural catheters at the T5-6 level for patients 
undergoing standard thoracotomy incisions, a level 
at which interspaces are most narrow and spinous 
processes are most angulated. In addition, the poten- 
tial for spinal cord trauma always exists whenever 
needles are inserted above L2. Therefore, in patients 
in whom insertion of a thoracic epidural catheter was 
not possible technically, we began to place lumbar 
epidural catheters. Because of earlier reports of seg- 
- mental distribution of analgesia with epidural nar- 
cotics, our initial expectations were that patients with 
lumbar epidural catheters might not achieve adequate 
analgesia or would only achieve adequate analgesia 
with higher doses. Surprisingly, we noted that with 
similar doses, the analgesic effect of lumbar epidural 
morphine was similar to that of patients receiving 
thoracic epidural morphine. 

We, therefore, decided to study retrospectively a 
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group of patients who had undergone thoractomies 
with postoperative analgesia provided by either tho- 
racic or lumbar epidural morphine. Our objectives in 
this study were to evaluate the efficacy of morphine 
administered in the lumbar epidural space in relieving 
postthoracotomy pain and to compare this to anal- 
gesia provided by thoracic epidural morphine. 


Methods 


We reviewed the charts of 122 patients requiring an- 
algesia for postthoracotomy pain. Group I (n = 30) 
received lumbar epidural catheters and group II (n = 
92) received thoracic epidural catheters. There was no 
significant difference between the two groups with 
respect to age, height, and weight. All patients re- 
ceived inhalation anesthetics and intravenous nar- 
cotics during surgery. Epidural catheters were in- 
serted either prior to surgery or immediately 
postoperatively in the recovery room. We used a mid- 
line approach primarily, although in a few instances 
a paraspinous approach was used. Initial epidural 
morphine injections were administered in the recov- 
ery room when patients first complained of pain. Ini- 
tial dosage was estimated based on patient's age, 
physical status, size, and degree of chronic pulmo- 
nary disease. The low range of this estimate was ad- 
ministered, and additional 1-mg increments were ti- 
trated until adequate analgesia was achieved. Our 
initial starting dose in the thoracic group was 3—4 mg. 
In the lumbar group, because we initially anticipated 
that patients would require at least the same dosage 
if not larger, our initial injection was 5-6 mg. Patients 
were instructed to ask for additional epidural injec- 
tions as soon as their pain began to return. Repeat 
epidural injections were available on a 24-hr basis 
upon request as were intravenous or intramuscular 
narcotics if pain was not relieved with epidural mor- 
phine within 1 hr of injection. All patients were mon- 
itored in an ICU for at least 12 hr after the last epidural 
injection. 

The mean value for the dose of morphine, total 
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volume of injectate, and duration of analgesia per 
injection were calculated for each group, and the 
number of patients who requested additional anal- 
gesics while receiving epidural morphine was recorded. 


Results 


The efficacy of epidural morphine in providing post- 
thoracotomy analgesia was determined by comparing 
the number of patients who requested additional an- 
algesics while receiving epidural morphine in each 
group. Only 2 out of 30 patients (6.7%) were not sat- 
isfied with the analgesia produced by lumbar epidural 
morphine. This did not differ statistically from the 5 
of 92 patients (5.5%) requesting additional analgesics 
while receiving thoracic epidural morphine. Dosage, 
volume, and duration of analgesia data are shown in 
Table 1. 


Discussion. - 


This study was prompted by the finding that patients 
in whom lumbar epidural catheters were placed (after 
failed attempts to place thoracic epidural catheters) 
received clinically indistinguishable analgesia from the 
group that had been treated with thoracic epidural 
morphine. Bromage has suggested that lipid solubility 
plays a role in determining the degree of spread of 
spinally administered narcotics (2). Highly lipid sol- 
uble narcotics such as fentanyl readily and rapidly 
bind to opiate receptors with little spread throughout 
the CSF. Poorly lipid-soluble agents, such as mor- 
phine, bind less readily with opiate receptors and thus 
migrate to a greater degree throughout the CSF. The 
lack of statistically significant differences in dosage 
and volume in our two groups of patients suggests 
extensive CSF spread with morphine. 

This property of morphine can be thought of as 
both an advantage and a disadvantage for spinal 
administration. An advantage, because it allows pa- 
tients with upper abdominal and thoracic incisions to 
have catheters placed at a safer and technically easier 
level and still receive superior analgesia. The disad- 
vantage is that this extensive diffusion could allow 
significant levels of morphine to diffuse centrally and 
result in respiratory depression. Indeed, although the 
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Table 1. Dosage, Volume of Injectate, and Duration of 
Analgesia with Lumbar and Thoracic Epidural Morphine 


Lumbar {n = 30) Thoracic (n = 92) Difference 


Dosage (mg) 6.2 + 1.3 63 13 NS” 
Volume (ml) 12.2 + 2.6 13.0 + 2.1 NS? 
Duration of 10.9 + 3.5 12.1 + 4.3 NS? 


analgesia (hr) 


"No significant difference (x? analysis, Yate’s correction). 
’No significant difference (Wilcoxan rank sum test). 


literature contains numerous reports of respiratory 
depression associated with epidural morphine, we 
know of none with epidural fentanyl and only one 
with epidural methadone (3). One would think that 
if injections at L3-4 or T5-6 require the same dosage 
and volume, while producing the same quality and- 
duration of analgesia, the distribution within the CSF 
must be the same. This implies that relatively even 
distribution throughout all CSF occurs before binding 
is complete and suggests that respiratory depression 
may not be a function of CSF levels in the brain, but 
may be more related to patient sensitivity. In our se- 
ries the incidence of respiratory depression has been 
less than 2%. Those patients who have experienced 
severe respiratory depression with epidural morphine 
have been elderly, debilitated, or have had severe 
obstructive pulmonary disease, all of which are known 
to make people more susceptible to narcotic side ef- 
fects (4). 

In conclusion, lumbar epidural morphine provides 
postoperative analgesia after thoracotomy that is clin- 
ically indistinguishable from that provided by thoracic 
epidural morphine with respect to dosage, duration, 
and quality of analgesia. 
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Letters to the Editor 


Epidural Buprenorphine for 
Postoperative Pain Relief 


| To the Editor: 


We would like to comment on the recent article by Lanz et 
al. (Anesth Analg 1984;63:593-8) on the use of epidural 
buprenorphine for pain relief after major orthopedic sur- 
gery. Over the last few years we have gained considerable 
experience with the use of buprenorphine administered into 
the epidural space and we have found our results to be 
somewhat at variance with those of Lanz and his associates. 

It is our contention that the benefits of epidural and 
intradural (subarachnoid) opiate administration accrue from 
the high quality of analgesia provided at very low dosage. 
It seems, therefore, unnecessary and illogical to use the 
same dosage of opiate in the epidural space as for intra- 
muscular or intravenous injection. We have used a dosage 
of 60 ug (0.06 mg) of epidural buprenorphine diluted to 10 
. ml with physiological saline and compared this with the 
analgesic efficacy of intramuscular morphine (0.15 mg/kg) 
and epidural morphine (2 mg diluted to 10 ml} in patients 
after major hip, major spinal, and major abdominal surgery 
(1-3). Our results indicate that 60 ug of epidural bupren- 
orphine repeated when necessary (rarely more frequently 
than every 8 hr) provides consistent and satisfactory anal- 
gesia when using this technique as the sole means of post- 
operative analgesia. Lanz et al. found that patients receiving 
0.15 mg of epidural buprenorphine had less pain than theire 
control group, and those given 0.3 mg of buprenorphine 
fared best of all. Surely it comes as no surprise that those 
given opiates for postoperative pain suffered less pain than 
those given nothing. This does not prove that epidural bu- 
prenorphine works. To prove that spinal opiates work by 
a local (spinal) effect it is necessary to show that analgesia 
thus provided is done so at a dosage that would be insuf- 
ficient when given by the usual parenteral routes. It is sim- 
ilarly not surprising to learn that a dosage of 0.3 mg has a 
longer duration of action than half that dosage. Elementary 
pharmacokinetic principles of drugs following first order 
kinetics provide the answer to this effect. A rational re- 
sponse to such an effect would be to “top-up” the epidural 
as necessary. 

The authors noted that Paco, values in control patients 
and in those receiving epidural buprenorphine remained 
within the normal range. They then noted that “Paco, levels 
after 0.3 mg buprenorphine epidurally were slightly but 


significantly greater (P < 0.05).” There follows in the dis- 
cussion section of their paper a full paragraph on the pos- 
sible explanation of this statistical fact. If Paco, values re- 
mained within a normal range surely it is sufficient to 
document this fact. Statistically significant differences within 
a normal range of results have no meaning in a Clinical 
setting. 

There have been many studies (4-8) using highly sen- 
sitive methods of assessing respiratory.effects of epidural 
opiates (e.g., CO, response curves and measurement of 
mouth occlusion pressures) and all have shown that some 
loss of CO, sensitivity occurs. We believe that this merely 
demonstrates that opiate administration by any route, in- 
cluding epidural and intradural (subarachnoid), will be fol- 
lowed by respiratory depression, if a method of assessment 
is sufficiently sensitive to detect it. Opiates cause respiratory 
depression. What is important is whether or not this is 
clinically significant. Lanz et al. have shown in their paper 
that it is not. We have similarly documented this fact (4). 

Finally, the authors make an unsubstantiated statement 
that “the effective epidural and intravenous doses of bu- 
prenorphine do not differ.” This is not so. There is to date 
in the literature no scientific comparison of the potencies 
of epidural and intravenous buprenorphine. In an ongoing 
study, we are presently comparing the use of epidural bu- 
prenorphine with intravenous buprenorphine for pain relief 
in patients after thoracotomy. Our results to date indicate 
that significantly more buprenorphine is required by pa- 
tients receiving the drug intravenously. Furthermore, we 
are measuring plasma levels of buprenorphine after its ad- 
ministration by either route and we have found significantly 
smaller plasma levels after epidural administration. These 
studies are reaching completion and shortly will be ready 
for publication. 


D. F. Murphy, MB, BCh, BAO, FFARCSI 
J. Cahill, MB, BCh, BAO, FFARCSI 

G. Fitzpatrick, MB, BCh, BAO 

M. MacEvilly, MB, BCh, BAO, FFARCSI 
Anaesthetic Unit 

Dr. Steeven’s. Hospital 

Steeven’s Lane 

Dublin 8 

Ireland 


References 


1. Murphy DF, MacGrath P, Stritch M. Postoperative analgesia in hip sur- 
gery—-a controlled comparison of epidural buprenorphine with intra- 
muscular morphine. Anaesthesia 1984; 39:181-3. 


LETTERS TO THE EDITOR 


2. Murphy DF, MacEvilly M. Pain relief with epidural buprenorphine after 
spinal fusion: a comparison with intramuscular morphine. Acta Anaes- 
thesiol Scand 1984;28:144-6. 


3. Cahill J, Murphy D, O’Brien D, Mulhall J, Fitzpatrick G. Epidural bu- 
prenorphine for pain relief after major abdominal surgery—a controlled 
comparison with epidural morphine. Anaesthesia 1983;38:760—4. 


4. Bromage PB, Camporesi E, Leslie J. Epidural narcotics in volunteers: 
sensitivity to pain and to carbon dioxide. Pain 1980;9:145-60. 


5. McCaughey W, Graham JL. The respiratory depression of epidural mor- 
phine. Anaesthesia 1982;37:990_5. 


6. Findlay JWA, Butz RF, Teeple E, Ghia JN. Biphasic depression of venti- 
latory responses to CO; following epidural morphine. Anesthesiology 
1983;58:418-27. 


7. Holland RB, Levitt MWD, Whitton LA, Shadbolt N. Carbon dioxide re- 
sponse after epidural morphine. Anaesthesia 1982;37:753~7. 


8. Piepenbrock S, Zenz M, Sybrecht GW, Otten B. Influence of peridural 
opiates on mcuth—occlusion pressure and ventilatory CO, response. Acta 
Anesthesiol Scand 1981;25:83. 


In Response: 


We thank Dr. Murphy et al. for their interest in our study 
on epidural buprenorphine. 

It seems to us an incorrect generalization that very low 
epidural doses of (all) opiates provide high quality of anes- 
thesia and that, therefore, lower epidural than systemic 
doses of opiates are required, even when administered as 
a single-shot technique. De Castro and Lecron (1) report 
the ratio between clinically common intravenous single in- 
jection doses and epidural single injection doses to be 10:1 
for meperidine; 2-3:1 for morphine, nicomorphine, meth- 
adone, diamorphine, and hydromorphine; and 1:1 for 
phenoperidine, fentanyl, lofentanyl, and buprenorphine. 
These relationships have not been changed by more recent 
investigations. The differences between the drugs may be 
explained partly by different physicochemical properties and, 
therefore, different pharmacokinetics (1). Precise, con- 
trolled comparisons of dose-effect relationships between 
epidural and systemic administration are lacking for most 
opiates, including buprenorphine. 

The observation that a single injection epidural dose of 
0.06 mg of buprenorphine provides consistent and satis- 
factory analgesia for 8 and more hr is in contrast to our 
results and those of other authors. After comparable sur- 
gery, 40-70% of our patients who had received 0.15 mg of 
buprenorphine complained of moderate to very severe pain 
within the first 8 postoperative hr; 10-40% of the patients 
who had received 0.3 mg of buprenorphine complained of 
moderate to very severe pain during the same pericad. The 
increase in dose of buprenorphine from 0.15 to 0.3 mg mark- 
edly intensified the postoperative analgesia for up to 12 hr. 
After the disappointing analgesia from the 0.1-mg bupren- 
orphine dose used in our pilot study, we decided to ad- 
minister 0.15 and 0.3 mg. Most probably, other authors 
(2-6) also chose these dosages after having similar 2xperi- 
ences. After abdominal surgery, daily epidural doses of up 
to 0.75 mg were required until the second postoperative 
day (3). Even the intrathecal administration of 0.15 mg of 
buprenorphine resulted in satisfactory analgesia for only 8 
hr after surgery (7). Due to these results, we and the above 
authors came to the conclusion that in order to achieve 
analgesia of satisfactory intensity and duration, single in- 
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jections of buprenorphine into the epidural space should 
be in doses in the range of systemic doses. 

That the analgesia produced by epidural buprenorphine 
is due to the effect of the narcotic on the spinal cord, not 
on the brain, is indicated by the fact that the duration of 
postoperative analgesia is greater with 0.3 mg of epidural 
buprenorphine than it is with a similar intramuscular dose. 

With the observation that 0.3 mg of buprenorphine epi- 
durally resulted in more intensive, more reliable, and longer 
lasting postoperative analgesia than did 0.15 mg of bu- 
prenorphine, we did not intend to confirm a known phar- 
macokinetic principle; our intent was to define the mag- 
nitude of changes in postoperative analgesia when the dose 
of a single injection of epidural buprenorphine was in- 
creased from 0.15 to 0.3 mg. 

About changes in Pco,: statistically significant increases 
in Paco, due to buprenorphine within the physiological 
range indicate a pharmacological effect. Under certain cir- 
cumstances, such changes may result in Pco, levels outside 
the normal physiological range. Therefore discussing such 
effects may be of clinical interest and significance. 


Egon Lanz, MD 

Dieter Theiss, MD 
Institut für Anaesthesiologie 
Universitatsklinik Mainz 
Langenbeckstr. 1 

6500 Mainz 1 

West Germany 
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A Substitute for 4% Cocaine 


To the Editor: 


Gross et al. (1) report that topical lidocaine 3% in 0.25% 
phenylephrine is “as effective as cocaine” for blind naso- 
tracheal intubation. The combination of lidocaine and phen- 
ylephrine as a suitable substitute for cocaine before blind 
nasotracheal intubation is, however, not new and was pre- 
viously described by Jacoby in this journal in 1970 (2). 
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Jacoby states in this article: “A satisfactory substitute for 
cocaine consists of 3 parts of 4% lidocaine mixed with 1 part 
of 1% neosynephrine nasal medication. The resulting mix- 
ture contains 3% lidocaine and 0.25% neosynephrine and 
performs the same functions as cocaine, but doesn’t require 
narcotic precautions (2).” Furthermore, Jacoby has utilized 
this combination for over 30 yr, and continues to believe it 
to be an excellent solution. 


Michael E. Goldberg, MD 
Jay J. Jacoby, MD, PhD 
Thomas Jefferson University 
Jefferson Medical College 
Philadelphia, PA 19107 
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Epidural Blood Patch in Outpatients: 
A Simpler Approach 
_ To the Editor: 


The report by Ravindran (1) of 20 epidural autologcus blood 
patches (EABP) performed on an outpatient basis, prompts 
me to share my personal experiences in this area. Having 
performed approximately 60-70 EABPs on outpatients, I 
would agree that this is a relatively simple procedure that 
does not usually merit overnight hospital admission. How- 
ever, I have found that starting an electrolyte infusion be- 
fore the procedure and encouraging the patient to drink 
large quantities of fluid afterward, as described in this re- 
port, are unnecessary. I perform the EABP in the emergency 
room with the patient in either the lateral or sitting position. 
Not infrequently, dural tap is a complication of a difficult 
epidural, and I therefore usually select the approach that 
is most likely to result in successful location of the epidural 
space. After injection of 10 ml of blood, the patient rests 
quietly for 1 hr, after which he or she is discharged and 
contacted the next day by telephone for followup. With this 
simple protocol only one patient did not have total relief of 
headache and related symptoms. Because a more invasive 
approach (e.g., intravenous infusion of 2 L of fluid) is costly 
and incurs the risk of complications, albeit minor ones, it 
should not be advocated without evidence that it improves 
outcome. Finally, I have found that overzealous “pushing 
of oral fluids” to increase CSF production results in little 
improvement of symptoms, while necessitating multiple, 
uncomfortable expeditions to urinate! 


Sheila E. Cohen, MB, FFARCS 
Department of Anesthesia, S-272 
Stanford University School of Medicine 
Stanford, CA 94305 
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Pressurized Infusion System 


To the Editor: 


Drs. Philip and Philip (1) are to be congratulated for having 
improved upon a massive transfusion device we previously: 
described (2) by making it possible to pressurize four bags 
(1) instead of two (2). Their clinical observations (1) agree 
with ours (2) with regard to the ease of such a system, which 
can be operated by only one person without fear of massive 
air embolism; the fact the system allows almost continuous 
fluid administration if Y-solution administration sets are 
used; and the large amounts of fluid that can be rapidly 
infused (300-500 ml/min) (1). We added to our system a 
low resistance blood warmer to decrease the incidence of 
hypothermia and the viscosity of the blood. This may fur- 
ther speed up the rate of infusion (2). 


Luc Quintin, PhD, MD* 
Department of Anesthesiology 
Hopital Cardiologique 

69394 Lyon 

France 
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Isoflurane and Hepatic Dysfunction 


To the Editor: 


The recent clinical report of repeated isoflurane anesthesia 
in a patient with hepatic dysfunction by McLaughlin and 
Eger (1) is interesting. They attribute hepatic dysfunction 
after an isoflurane anesthetic to ascending cholangitis and 
passage of a gallstone. The diagnosis is based on an ultra- 
sound examination, confirmed by computerized tomogra- 
phy, which revealed a dilated biliary tree indicative of a 
distal common bile duct obstruction. The authors report 
transaminase, phosphatase, and bilirubin levels before and 
after three consecutive isoflurane anesthetics. They con- 
clude that, “the decrease in transaminases after the second 
and third administration of isoflurane is not consistent with 
anesthetic induced hepatitis.” However, their data clearly 
show that the GGTP and alkaline phosphatase levels peaked 
11 days after the first isoflurane anesthetic and 11-15 days 
after the second and third isoflurane anesthetics. This is 
shown graphically in Figure 1. The smaller peak after the 
second and third anesthetics may reflect the lower concen- 
trations of isoflurane used during these procedures. The 
data do not support the authors’ conclusions that (a) “he- 
patic injury after anesthesia with halogenated anesthetics 


*Current address, Neuropharmacology Group, Roussel, 93230 


Romainville, France. 
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Figure 1. Graphic presentation of GGTP and alkaline phosphatase 
(ALK PHOS) levels reported by McLaughlin and Eger (1). The 
arrows indicate administration of isoflurane anesthesia. 


is not necessarily a consequence of that anesthetic, even in 
the absence of other immediately obvious causes,” and (b) 
“repeated anesthesia with a halogenated agent in the pres- 
ence of preexisting hepatic injury does not necessarily in- 
crease that injury.” The authors suggest in their article that 
enflurane and isoflurane probably do not cause liver injury. 
However, evidence is mounting that enflurane, on rare oc- 
casions, may cause hepatotoxicity (2). Finally, the data pre- 
sented by McLaughlin and Eger do not convincingly show 
that isoflurane was not the cause of hepatic damage in their 
patient. 


Donald H. Lambert, PhD, MD 
Department of Anesthesia 

Brigham and Women’s Hospital 

75 Francis St. 

Boston, MA 02115 
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In Response: 


The increases in alkaline phosphatase and GGTP empha- 
sized by Dr. Lambert should not be construed as being 
indicative of injury to hepatocytes. Widmann (1) uses the 
following criteria: “The enzyme most often measured to 
indicate bile duct obstruction is alkaline phosphatase (ALP).” 
‘Obstruction of extrahepatic bile ducts causes up to tenfold 
elevations [of alkaline phosphatase], even if obstruction is 
incomplete. Hepatocellular disease often causes modest el- 
evations of ALP. Elevated GGT [gamma glutamyl trans- 
peptidase] correlates better with obstruction and cholestasis 
than with pure hepatocellular damage, and GGT is consid- 
ered one of the ‘obstructive’ enzymes.” Thus, the marked 
increases in these enzymes in our patient combined with 
the modest (after the first isoflurane anesthesia) or minimal 
(after the second and third isoflurane anesthesias) increases 
in SGOT and SGPT indicate cholestasis or obstruction rather 
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than injury to liver cells. This diagnosis was supported by 
the ultrasound examination, which revealed a ‘‘dilated bil- 
lary tree indicative of a distal common bile duct obstruc- 
tion.” As noted in our report, the observations made by 
ultrasound examination were confirmed by computerized 
tomography. 

If isoflurane is responsible for the changes found in this 
case, it must cause distal common bile duct obstruction by 
some as yet unknown mechanism. Such a disease entity 
would be much different from that proposed by Lewis et 
al. for enflurane (2). These investigators suggest that en- 
flurane (and halothane) cause hepatocellular necrosis. 

Another aspect of this case did not fit the diagnosis of 
“enflurane hepatitis.” Injury after the second or third ex- 
posure is supposedly greater than after the first exposure. 
In our case, the enzymes indicating hepatocellular injury 
decreased after the second and third exposure. This does not 
seem consistent with an “allergic” response to isoflurane. 
Similarly, the absence of atopy, rash, or eosinophilia does 
not indicate an allergic response. 

Dr. Lambert calls our attention to the enzymes indicative 
of cholestasis or obstruction, alkaline phosphatase, and 
GGTP. He notes that these increased after the second and 
third isoflurane administrations, and that the increases were 
smaller than after the first administration. He suggests that 
“the smaller peak after the second and third anesthetics 
may reflect the lower concentrations of isoflurane used dur- 
ing these procedures.” However, the “dose” of isoflurane 
(i.e., the MAC-hr of isoflurane administration) was greater 
for the combined second and third administrations than for 
the first administration. The dose was greater because the 
duration of exposure to isoflurane for the second and third 
anesthetics (230 min) was longer than after the first anes- 
thetic (65 min), and the concentrations were not dissimilar 
(i.e., 0.5-1.5% for the first anesthetic and 0.25-1% for the 
second and third anesthetics). 

Dr. Lambert also comments that “evidence is mounting 
that enflurane, on rare occasions, may cause hepatotoxic- 
ity” and cites the article by Lewis et al. We disagree re- 
garding the evidence and its relevance. First, lessons learned 


* from enflurane may or may not apply to isoflurane. Second, 


the evidence given by Lewis et al. is not “mounting” in the 
sense that the incidence is increasing. The incidence of re- 
ports of hepatic injury after enflurane anesthesia relative to 
the use of enflurane has remained constant (EI Eger, un- 
published data). Third, the evidence given by Lewis et al. 
is flawed (EI Eger, unpublished data). For example, these 
investigators included a case in which injury did not appear 
for 31 days after anesthesia. A second example is the in- 
clusion of a case in which injury appeared about three weeks 
after anesthesia and was associated with cardiogenic shock. 

Finally, we did not suggest that “enflurane and isoflur- 
ane probably do not cause liver injury.” We did suggest 
that injury would be less likely with these agents than with 
halothane or chloroform. We also wrote that “under con- 
ditions of prior enzyme induction and severe hypoxia, all 
anesthetics—inhaled and injected—can cause hepatic dys- 
function . . .”” We were careful to indicate that one cannot 
prove that an anesthetic does not cause injury to the liver. 
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However, whether isoflurane does or does not cause 
hepatic injury was not the point of our article. Rather, we 
hoped to demonstrate that “hepatic injury after anesthesia 
with a halogenated anesthetic is not necessarily a conse- 
quence of that anesthetic . . . [and that]. . . repeated anes- 
thesia with a halogenated agent in the presence of preex- 
isting hepatic injury does not necessarily increase that injury.” 
We continue to believe that our case illustrates these two 
points. 


Desmond F. McLaughlin, MD 
Surgery Division 

Lutheran General Hospital 

Park Ridge, IL 60068 


Edmond I. Eger I, MD 
Department of Anesthesia 
University of California 
San Francisco, CA 94143 
References 


1. Widmann FK. Clinical interpretation of laboratory tests, 9th ed. Phila- 
delphia: FA Davis, 1983:316-20. 


2. Lewis JH, Zimmerman HJ, Ishak KG, Mullick FG. Enflurane hepatotoxic- 
ity. A clinicopathologic study of 24 cases. Ann Intern Med 1983;58:984-92. 


Guide Wire Complication during 
Central Vein Catheterization 


To the Editor: 


The modified Seldinger technique with the use of a guide 
wire for central vein catheterizations (CVC) is very fre- 
quently used in critical care. Complications derived from 
the use of the guide wire are rare. 

We report a complication while using a guide wire during 
the insertion of a right subclavian catheter for Swan~Ganz 
placement. Standard guidelines for percutaneous catheter- 
ization using the “over the wire” technique were followed 
(1,2). The vessel was entered, then a spring guide wire was 
advanced into the vein through the needle. After entering 


approximately 10 cm, resistance to further progression or e 


withdrawal was noticed and the patient experienced some 
discomfort; the needle was withdrawn. Chest x-rays were 
taken and a coil or knot of the guide wire in the territory 
of the right subclavian vessels was observed. 

Because similar manipulations to unknot other types of 
catheters have been reported (3,4), an 8-gauge French Tef- 
lon vessel dilator was advanced over the guide wire while 
applying gentle traction to the proximal end of the same. 
This maneuver resulted in complete extraction, without any 
apparent complications in the followup. 

The use of a guide wire for CVC is considered to be safe 
and easy; however, occasionally complications are encoun- 
tered (5). Some of the complications can be prevented through 
familiarity with the procedure and its materials. If the can- 
nula is properly placed into the vessel, the guide wire should 
advance smoothly. To avoid fragmentations of the wire, 
plastic cannulas over the needles are preferred for CVC. If 
during guide wire removal any resistance occurs, chest x- 


LETTERS TO THE EDITOR 


rays should be taken to clarify its position and any possible 
kinking, knotting, coiling, or fragmentation. Careful guide 
wire inspection upon removal to ascertain that no fragments 
have been left inside the patient is recommended. 


Luis Teba, MD 
Mostafa Zakaria, MD 


Franklin Schiebel, MD 

Department of Anesthesiology 

West Virginia University Medical Center 
Morgantown, WV 26506 
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Anesthetics and Theophylline 
Metabolism 


To the Editor: 


I was interested in the paper by Berger et al. (1) because in 
our work it has been necessary to identify an anesthetic 
protocol that allows relatively unhindered elimination of 
theophylline in dogs. Unfortunately, some of the conclu- 
sions made by these workers may be incorrect with respect 
to the lack of effect of halothane and enflurane on the rate 
of theophylline elimination. 

In similar studies (Table 1) we have found that halothane 
and enflurane had a statistically significant inhibitory effect 
on theophylline elimination in mongrel dogs. The theo- 
phylline half-lives in our studies were 3.3 times control 
when the dogs received halothane and 1.6 times control in 
the case of enflurane. Although there were differences be- 
tween the preparation protocols of Berger et al. (1) and ours, 
none stand out as being responsible for the differing results; 
for example, our dogs did not receive succinylcholine and 
breathed oxygen instead of air. On the other hand, there 
was a major discrepancy in the length of the experiments 
(32 min vs 300 min used by us), which may account for the 
differing conclusions. The elimination half-lives reported 
by Berger et al. (1) were calculated with heavy dependence 
on the 16 and 32 min values for serum theophylline con- 
centration. This small number of points and short sampling 
period are not usual practice in obtaining pharmacokinetic 
information on drugs such as theophylline. If we recalculate 
some of our data using the closest time points to theirs (15 
and 30 min), the apparent half-lives of serum theophylline 
become 105 and 90 min in the presence of halothane and 
chloralose, respectively. These are close to the values re- 
ported by Berger et al. (1). 
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Table 1. Effect of Anesthetics on Elimination of Theophylline in Dogs’ 
Control, Chloralose Isoflurane Enflurane Halothane 
thiopental plus plus plus plus 
alone thiopental thiopental thiopental thiopental 
(n = 5) (n = 4) (n = 2) (n = 5) (n = 5) 
ke (min™') 0.00242° 0.0020" 0.00098 0.0015 0.00074 
(0.0006) (0.00C9) (0.0003) (0.00028) 
ty, (min) 283 341 707 465 939 


“Dogs were induced with thiopental (35 mg/kg) and then maintained with the anesthetic indicated or no further anesthetic in the case of controls. 
Theophylline (10 mg/kg) was infused in 10 min and then venous blood samples were taken every 15 min from the end of infusion except for controls from 
which the samples were taken every 30 min. The chloralose dose was 80 mg/kg. Halothane, enflurane, and isoflurane were administered at between 1 and 
2% to provide the depth of anesthesia required for our experiments. Serum theophylline concentrations were determined by high performance liquid 


chromatography (5). Values are reported as means + standard deviation. Statistical significance was evaluated by analysis of variance combined with 


Newman-Keuls test. 
tP < 0.01 as compared to halothane plus thiopental. 
“P < 0.005 as compared to enflurane plus thiopental. 


In conclusion, halothane strongly inhibits theophylline 
elimination in the dog and enflurane inhibits to a lesser 
extent. Because halothane is metabolized to a greater extent 
by the mixed function oxidases of the liver than is enflurane, 
these observations are consistent with these anesthetics in- 
hibiting theophylline elimination by acting as competitive 
substrates (2-4). The possibility of a clinically significant 
interaction between theophylline and halothane remains 
open. 


Kanji Nakatsu, PhD 

Associate Professor 

Department of Pharmacology and Toxicology 
Queen's University 

Kingston, Ontario, Canada 

K7L 3N6 
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In Response: 


We thank Dr. Nakatsu for his interest in our paper (1). His 
data do suggest that a longer sampling period for thec- 
phylline than that in our study might have yielded calcu- 
lated elimination half-lives different than those we obtained. 

Our study, however, was performed to determine whether 
differences in arrhythmogenicity between halothane and 
enflurane anesthesia after aminophylline administration 
could be related to differences in theophylline metabolism 
during the period in which arrhythmias occurred, that is, 
within 15 min after beginning halothane (2). We, therefore, 
required a shorter duration of anesthesia (32 min) than that 
employed by Dr. Nakatsu (300 min). 

Our data show that for the study duration we employed, 
theophylline elimination was not significantly different be- 
tween dogs anesthetized with halothane or enflurane, nor 


did elimination in awake, unanesthetized animals differ from 
that in those animals receiving either inhalation agent. Thus, 
our conclusion that “differences in arrhythmogenicity be- 
tween enflurane and halothane after aminophylline admin- 
istration are not related to alterations in theophylline phar- 
macokinetics” (1) still appears valid. 

We note that when Dr. Nakatsu recalculated his halo- 
thane data using sampling times similar to ours, halothane 
elimination half-life was 105 min, “close to the values re- 
ported by Berger et al.” (72 min). In addition, Dr. Nakatsu 
reports a theophylline half-life of 283 min in his control 
animals not receiving inhalation anesthetic, similar to the 
216 min found in our control group. 

We would conclude that differences between Dr. Nak- 
atsu’s study and ours are more in interpretation than in 
fact. He might reach our conclusions given our data; we 
might reach his given his. We hope his group will see fit 
to publish a more detailed account of their findings so that 
any important variations in our experimental protocols might 
be determined. For example, anesthetic concentration would 
seem critical in these pharmacokinetic studies: we reported 
peak end-tidal halothane concentrations of 0.76-0.78 + 0.02% 
(mean + SEM) in our intubated animals, whereas Dr. Nak- 
atsu notes only that “Halothane . . . [was] administered at 
between 1 and 2% to provide the depth of anesthesia re- 
quired for our experiments.” Such differences might go far 
toward reconciling our disparate conclusions. 


Jack M. Berger, MD, PhD 
Maxicare Medical Center 
Department of Surgery 

5525 West Slauson Avenue 
Los Angeles, CA 90056 


Joseph A. Stirt, MD 

Department of Anesthesiology, Box 238 
University of Virginia Medical Center 
Charlottesville, VA 22908 


Stuart F. Sullivan, MD 
Department of Anesthesiology 
UCLA School of Medicine 
Los Angeles, CA 90024 
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A Complication Caused by an 
Adhesive Plastic Drape 


To the Editor: 


We describe a unique case of tension pneumothorax during 
anesthesia. Seven days before surgery the 78-yr cld patient 
developed severe dyspnea that chest roentgenograms showed 
to be due to a large left pneumothorax. A chest tube was 
inserted and resulted in reexpansion of the left lung and 
relief of symptoms. The patient had a long history of cig- 
arette smoking and severe chronic obstructive pulmonary 
disease (FEV = 860 ml). The diagnosis was spontaneous 
pneumothorax due to ruptured blebs. When the blebs failed 
to seal, the patient was scheduled for resection of the blebs 
and pleurodesis. 

He was brought to the operating room breathing com- 
fortably with a left chest tube in place. Anesthesia was 
induced during spontaneous ventilation with halothane in 
oxygen. After adequate anesthesia was obtained, the tra- 
chea was intubated and controlled ventilation was begun. 
After the uneventful induction and before surgical cleansing 
of the operative site, the surgeon removed the chest tube. 
During this and during initial application of surgical drapes 
the patient’s blood pressure remained stable at 120/80 mm 
Hg, despite positive pressure ventilation. At the conclusion 
of draping, approximately 2 min after an adhesive plastic 
drape was placed over the operative site and chest tube 
wound, the patient’s blood pressure precipitously de- 
creased to 50/10 mm Hg. The surgeon was informed and 
within 2 min opened the chest. Less than 1 min after open- 
ing the chest, the blood pressure returned to 120/80 mm 
Hg. Surgery proceeded without further incident. ° 

We believe this sequence of events can be explained in 
the following manner. Although the chest tube was re- 
moved during positive pressure ventilation, the 7-day-old 
chest tube wound remained patent and prevented the de- 
velopment of a tension pneumothorax, thus accounting for 
the absence of difficulties during that period. However, 
when the plastic adhesive drape was placed over the wound 
it effectively produced an airtight left hemithorax and caused 
the rapid onset of a tension pneumothorax that resulted in 
the sudden hypotension. When the chest was opened, the 
pneumothorax was relieved and the blood pressure re- 
turned rapidly to its previous level. The diagnostic whoosh 
of air was not heard when the chest was opened, possibly 
because of our very gentle ventilation at the time or because 
the incision created a sudden 8-cm wound that may have 
been large enough to relieve the gas pressure without cre- 
ating an audible rush of air. The whoosh, although suffi- 
cient, is not necessary to diagnose tension pneumothorax. 
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The sequence and close timing of the events leave us no 
other plausible explanation for the sudden hypotension and 
its equally sudden return to normal after the opening of the 
chest. Although seldom a problem, one should bear in mind 
that the plastic adhesive drapes commonly used during 
surgical procedures can create a sudden liquid- or gas-tight 
seal. 


Robert Litwack, MD 


Denis Bourke, MD 
Department of Anesthesiology 
University Hospital 

Boston, MA 02118 


Hypocarbia and Myocardial 
Circulation 


To the Editor: 


I read the paper by Coetzee et al. (1) with great pleasure 
and interest. Essentially, the investigators have demon- 
strated that hypocarbia can be accompanied by a decrease 
in myocardial blood flow with no changes in myocardial 
function or any signs of myocardial ischemia. The main- 
tenance of normal regional myocardial function during hy- 
pocarbia is attributed to baseline myocardial overperfusion 
in the model that the author used. This might very well be 
true; however, I would like to offer an alternative explanation. 

It has been demonstrated that 9-um spheres provide a 
reliable estimate of nutritive blood flow whereas 15-um 
spheres reflect total (nutritive and nonnutritive) blood flow 
(2,3). We have recently completed a study on regional blood 
flow during hypocarbia in monkeys using a pair of differ- 
ently sized microsphere sets—-15 and 9 um in diameter (4). 
The results showed that total myocardial blood flow (through 
nutritive and nonnutritive vessels) determined with 15-~4m 
spheres significantly decreased during hypocarbia (Paco, 
= 28 + 1.8 mm Hg) by 31% (from 2.25 + 0.60 to 1.54 + 
0.25 ml-min~'-g~*), whereas myocardial blood flow deter- 
mined by 9-um spheres did not change significantly. Thus, 
the fragment of our data gathered using 15-um spheres 
agrees with the results achieved by Coetzee et al. (1) and 
many other investigators, showing a significant decrease in 
total coronary blood flow during hypocarbia. It seems, how- 
ever, that the use of a pair of differently sized microsphere 
sets has provided additional information that could not be 
obtained with only 15-4m spheres or electromagnetic flow- 
meters: namely, that measured with 9-um spheres nutritive 
coronary blood flow, which is obviously more important 
for myocardial function than nonnutritive flow, was well 
perserved during hypocarbia. 

These data might mean that hypocarbia is not as dan- 
gerous for myocardial circulation and function as we are 
accustomed to think. 


Simon Gelman, MD, PhD 

Department of Anesthesiology 

School of Medicine 

The University of Alabama in Birmingham 
Birmingham, AL 35294 
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Quality of Care in Anaesthetic Practice 
John N. Lunn, ed and foreword by G.E. Hale Enderby. 
‘London: Macmillan Press, 1984, 314 pp. $12.50. 


It is difficult to think of a more timely subject than quality 
of care in anesthetic practice, covered in this multiauthored 
text edited by John M. Lunn and published jointly by the 
Royal Society of Medicine and the Macmillan Press. One 
only needs to consider the current importance of such fac- 
tors as the medical malpractice dilemma, the new standards 
of The Joint Commission on Accreditation of Hospitals, con- 
sumerism, the efforts of physicians to develop valid quality 
assurance programs, and such exploitative journalism as 
the television show, ‘20/20’ which featured, with excessive 
editorial license, some horrendous anesthetic misadven- 
tures. Quality of medical care is the centerpiece of such 
issues. 

Of the 50 contributors to this published symposium, 47 
are from the United Kingdom and three are from the United 
States. While this might, at first glance, suggest that the 
material covered is more aptly pertinent to the British than 
to the American scene, the differences between the two 
‘countries do not significantly detract from the commonality 
of the issues involved. Where such differences do occur, it 
is a question of degree rather than direction. 

In the preface, Dr. Lunn states that the 13 chapters, 
“have been subjected to more peer review than most chap- 
ters in multiauthored books.” This happy circumstance re- 
sults from a conference at which the chapters and com- 
mentaries in this book were presented by the individual 
- contributors. : 

While refraining from reciting the title of each chapter, 
a sense of this work may be derived from listing the subjects 
generally covered: quality assurance, anesthetic morbidity 
and mortality, and the interrelationship of such issues as 
diverse as continuing medical education, departmental or- 
ganization, career counseling, resident selection, evaluation 
of training, and leadership. At firsthand, this grouping ap- 
pears to be a mixed bag. 

Despite, however, the difference in readability and style 
that one expects in a multiauthored text, a thread of con- 
tinuity exists throughout. The very diversity of the subjects 
covered emphasize the multiplicity of factors associated with 
our perceptions of quality. An additional plus for this ap- 
proach to a difficult subject are the commentaries that ap- 
pear at the end of each formal presentation. The reader is 
thus able to match his or her own reaction to the topic, as 
presented, against the reactions of those who heard the 
original presentations. 


The book is 314 pages long, has a useful subject index, 
and is a significant contribution to the literature dealing 
with our current preoccupations with quality assurance. 


E.S. Siker, MD 
Department of Anesthesiology 
Mercy Hospital 

Pittsburgh, PA 


Current Concepts in Regional Anaesthesia 
J-W. Van Kleef, Mp, A.G.L. Burm, MD, J. Spierdijk, 

MD, eds. The Hague: Martinus Nijhoff RETE 1984, 
252 pp, $46.50. 


This book is an eclectic compilation of papers presented at 
the second general meeting of the European Society of Re- 
gional Anaesthesia. Authorship is divided between Euro- 
pean and American contributors. Subjects covered run the 
gamut from surgical anesthetic techniques to obstetric phys- 
iology to acute and chronic pain therapy. The volume is 
without theme except for the sometimes thin thread of ori- 
entation to regional anesthesia. There is no sense of editorial 
command, and therefore writing style, illustrations, and 
reference lists are highly variable. Some of the photographic 
reproductions of computed tomograms are so poor that 
anatomic features are obscured rather than elucidated. 

A delightful aspect of this book is the creative and some- 
times imaginative descriptions of certain nerve block tech- 
niques. Regional anesthesia will always be an art form, but 
increasingly we see attempts to investigate it in a scientific 
mode. This is good albeit often frustrating. Anatomy is not 
always consistent from patient to patient, and local anes- ` 
thetic drug responses are also highly individualistic. Each 
book must be “baked” separately. However, I salute any 
attempt to popularize this oft neglected aspect of the prac- 
tice of anesthesia. This book helps achieve that goal. 


Gale E. Thompson, MD 
Department of Anesthesiology 
The Mason Clinic ~ 
Seattle, WA 98111 


Books Received 


The Year Book of Critical Care Medicine 1984. Mark C. Rogers, Frank V. 
McLean Booth, et al. Chicago: Year Book Medical Publishers, 1984, 462 pp, 
$39.95. 

Life Support Systems in Intensive Çare. Robert H. Bartlett, Walter M. White- 
house Jr, Jeremiah G. Turcotte, Chicago: Year Book Medical Publishers, 1984, 
615 pp, $49.95. 

Manual of Cardiac Anesthesia. Stephen J. Thomas. New York: Churchill 
Livingstone, 1984, 469 pp, $27.50. 


A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chiet 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 

Anesthesia and Analgesia is the oldest publication for the specialty 
of anesthesiology. Established 60 years ago, the Journal is the of- 
ficial voice of the International Anesthesia Research Society. It pub- 
lishes original articles, clinical reports, technical communications, 
review articles, and letters to the editor to provide researchers, 
practicing physicians, and allied medical personnel in anesthe- 
siology and related disciplines with monthly information to keep 
them current with the latest issues and advances in the field. 

All papers are reviewed by three or more referees. Acceptance 
is based upon significance, originality, and validity of the material 
presented. Only one copy of the articles not accepted for publi- 
cation will be returned to the author. 

All papers will be edited for clarity, style, factual accuracy, 
internal logic, and grammar. The submitted manuscript should be 
accompanied by a covering letter that must include a statement to 
the editor about all submissions and previous reports that might 
be regarded as prior or duplicate publication of the same, or very 
similar, work. The title page and abstract of such material should 
be included with the submitted manuscript to help the editor decide 
how to dea: with the matter. 

Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals,” reprinted in Annals of Internal Medicine 
1982;96:766-71 and Lancet 1982;284:1766-70. 

Use the checklist given below for preparation of manuscripts: 


General 


T] Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 

Clinical reports describe in 1000 words or less either new and 

instructive case reports or anesthetic techniques and equipment 
of demonstrable originality, usefulness, and safety. 


Technical communications are papers that deal with instru- 
mentation and analytic techniques. 


C Review articles of 2500 to 4000 words collate, describe, and 
evaluate previously published material to aid in evaluating new 
concepts. 

C Letters to the editor, less than 300 words in length, include brief 

constructive comments concerning previously published articles 

or brief notations of general interest. The manuscripts must be 
double spaced, and a title and three copies must be provided. 


[J Type manuscripts on white bond paper, 216 by 279 mm (8-1/2 
by 11 in.) or ISO A4 (212 by 297 mm) with margins of at least 
25 mm (1 in) using double spacing throughout. 

C] Begin each of the following sections on separate pages: title 
page, abstract and key words, text, acknowledgments, refer- 
ences, tables (each table, complete with title and footnetes, should 
be on a separate page), and legends. Type only on one side of 
the paper and number pages consecutively, beginning with the 
title page. Type the page number in the upper right-hand corner 
of each page. 

C] Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and permissions to reproduce previously pub- 
lished materials or to use illustrations that may identify subjects. 

© Authors should keep copies of everything submitted. 


CJ 


Title Page 

© The title page should contain the title of the article, which should 
be concise but informative; 

C A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

C) First name, middle initial, and last name of each author, with 
highest academic degree(s); 

C) Name of department(s) and institution(s) to which the work 
should be attributed; 


(Q Disclaimers, if applicable; 
C] Name and address of author responsible for correspondence 
about the manuscript; 


C] Name and address of author to whom requests for reprints 
should be addressed, or a statement that reprints will not be 
available from the author; 


(7 The source(s) of support in the form of grants. 


Abstract and Key Words 


[7] The second page should carry an abstract of not more than 150 
words. 


Eq 


C) The abstract should state the purposes of the study or investi- 
gation, basic procedures (study subjects or experimental ani- 
mals; observational and analytic methods), main findings (give 
specific data and their statistical significance, if possible), and 
the principal conclusions. Emphasize new and important as- 
pects of the study or observations. 


[Q Define all abbreviations except those approved by the Inter- 
national System of Units. 

©) Key (indexing) terms: Below the abstract, provide (and identify 

as such) 3 to 10 key words or short phrases that will assist 

indexers in cross indexing the article and that may be published 

with the abstract. 


Text 


1 aes | 


C] The text of observational and experimental articles is usually 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their 
content, especially in the Results and Discussion sections. 


p 


(] Case reports, reviews, and editorials do not require the above 
sections. 


x 


Introduction: Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly 
pertinent references, and do not review the subject extensively. 


Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name 
and address in parentheses), and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods; provide 
references and brief descriptions for methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 


wi 


| Identify precisely all drugs and chemicals used, including ge- 
neric name(s), dosage(s), and route(s) of administration. 

0] Do not use patients’ names, initials, or hospital numbers. 

T Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 
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Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. 


Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. Avoid claim- 
ing priority and alluding to work that has not been completed. 
State new hypotheses when warranted, but clearly label them 
as such. 


Recommendations, when appropriate, may be included. 


References 


parean 


Identify references in text, tables, and legends by arabic nu- 
merals (in parentheses, on line). 


Use the style of the examples below, which are based on the 


format used by the US National Library of Medicine in Index 


Medicus. 

The titles of journals must be abbreviated according to the style 
used in Index Medicus. 

Try to avoid using abstracts as references; “unpublished obser- 
vations” and “personal communications” may not be used as 
references although references to written, not verbal, commu- 
nications may be inserted (in parentheses) in the text. Infor- 
mation from manuscripts submitted but not yet accepted should 
be cited in the text as “unpublished observations” (in paren- 
theses). Authors citing as references articles from theirown group 
that are in press and that have a bearing on the paper submitted 
should enclose 3 copies of an abstract of such in press materials. 
References must be verified by the author(s) against the original 
documents. 


journals: 


F: 


Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311—4. 


. Corporate Author 


The Royal Marsden Hospital Bone-Marrow Transplantation 
Team. Failure of syngeneic bone-marrow graft without pre- 
conditioning in post-hepatitis marrow aplasia. Lancet 1977;2: 
242-4, 


. No Author Given į 
Anonymous. Coffee drinking and cancer of the pancreas (Ed- 


itorial), Br Med } 1981;283:628. 


. Journal Supplement 


Mastri AR. Neuropathy of diabetic neurogenic bladder. Ann 
Intern Med 1980;92(2 Pt 2):316-8. 

Frumin AM, Nussbaum J, Esposito M. Functional 
asplenia: demonstration of splenic activity by bone marrow 
scan (Abstract). Blood 1979;54(suppl 1):26a. 


. Journal Paginated by Issue 


Seaman WB. The case of the pancreatic pseudocyst. Hosp Pract 
1981;16(Sep):24—5. 


Books and Other Monographs: 
6. Personal Author(s) 


Eisen HN. Immunology: an introduction to molecular and cel- 
lular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 


“J 
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10. 


11. 


12. 


. Editor, Compiler, Chairman as Author 


Dausset J, Colombani J, eds. Histocompatibility 
Copenhagen: Munksgaard, 1973:12-8. 


testing 1972. 


. Chapter in a Book 


Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457-72. 


Published Proceedings Paper 

DuPont B. Bone marrow transplantation in severe combined 
immunodeficiency with an unrelated MLC compatible donor. 
In: White HJ, Smith R, eds. Proceedings of the third annual 
meeting of the International Society for Experimental Hema- 
tology. Houston: International Society for Experimental Hem- 
atology, 1974:44-6. 

Monograph in a Series 

Hunninghake GW, Gadek JE, Szapiel SV, et al. The human 
alveolar macrophage. In: Harris CC, ed. Cultured human cells 
and tissues in biomedical research. New York: Academic Press, 
1980:54—6. (Stoner GD, ed. Methods and perspectives in cell 
biology; vol. 1). 


Agency Publication 

Ranofsky AL. Surgical operations in short-stay hospitals: 
United States—1975. Hyattsville, Maryland: National Center 
for Health Statistics, 1978; DHEW publication no. (PHS) 78- 
1785. (Vital and health statistics; series 13; no. 34). 
Dissertation or Thesis 

Cairns RB. Infrared spectroscopic studies of solid oxygen (Dis- 
sertation). Berkeley, California: University of California, 1965. 
156 pp. 
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Type each table double spaced on a separate sheet. Do not 
submit tables as photographs. 


~ Number tables consecutively and supply a brief title for each. 


Give each column a short or abbreviated heading. 


|] Place explanatory matter in footnotes, not in the heading. Ex- 


plain in footnotes all nonstandard abbreviations that are used 
in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 


Do not use internal horizontal or vertical rules. 
Cite each table in the text in consecutive order. 


If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


| The editor, on accepting a manuscript, may recommend that 


additional tables containing important backup data too exten- 
sive to publish be deposited with the National Auxiliary Pub- 
lications Service or made available by the author(s). In that event, 
an appropriate statement will be added to the text. Submit such 
tables for consideration with the manuscript. 


Illustrations 
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Submit three complete sets of figures. Figures should be profes- 
sionally drawn and photographed; freehand or typewritten let- 
tering is unacceptable. 


Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm (5 by 7 in) but no larger than 
203 by 254 mm (8 by 10 in). 

Letters, numbers, and symbols should be clearand even through- 
out and of sufficient size that, when reduced for publication, 
each item will still be legible. Titles and detailed explanations 
belong in the legends for illustrations, not on the illustrations 
themselves. 

Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of 
the figure. Do not write on the back of the figures or mount 


them on cardboard, pr scratch or mar them by using paper clips. 
Do not bend figures. 


O Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 


O If photographs of patients are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 

LJ Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 

(J For illustrations in color, supply color negatives or positive tran- 

ies and, when necessary, accompanying drawings marked 
to indicate the region to be reproduced; in addition, send two 
positive color prints to assist editors in making recommenda- 
tions. Ilustrations will be published in color only if the author 
pays for the extra cost. 


Legends for Illustration 

O Type legends for illustrations double spaced starting on a sep- 
arate page, with arabic numerals corresponding to the illustrations. 

O When bols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. Explain internal scale and identify method of 
staining in photomicrographs. 


Abbreviations 


C The full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of measure- 
ment. Avoid abbreviations in the title. 


C Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the 
start of the article. 


CO Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biolo 
Editors style manual: a guide for authors, editors, and pu 
lishers in the biological sciences. 4th ed. Arlington, Virginia: 
Council of Biology Editors, 1978; and 

2. O'Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975. 


Ethical Principles 

L] When reporting experiments on human subjects, indicate whether 
the procedures followed were in accord with the ethical stan- 
dards of the Committee on Human Experimentation of the in- 
stitution in which the experiments were done or are in accord 
with the Helsinki Declaration of 1975. 

C] When reporting experiments on animal subjects, indicate whether 
the institution’s or the National Research Council’s guide for 
the care and use of laboratory animals was followed. 


Exclusive Publication Statement 

C] The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 
currently under consideration for publication elsewhere. 

© Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society. 








for prolonged 
procedures: 


Mastectomy 





Coronary Bypass 
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prolonged action 
can be a plus. 


Premedication with Ativan® (lorazepam) Injection 
may well be the most logical choice for longer 
surgical procedures where extended sedation 
and/or lack of recall are especially desirable. 

A single injection of Ativan Injection provides 
dependable sedation for 6-8 hours. When surgery 
runs longer than anticipated, or unexpected delays 
occur, repeated injections may not be required. 


Copyright © 1983, Wyeth Laboratories. All rights reserved 
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Cholecystectomy 


Knee Surgery 
Head and Neck 


Administered as recommended, Ativan Injection allays 
preoperative apprehension, relieves anxiety, leaves 
patients calm but cooperative and diminishes recall 
of events surrounding surgery. There is little, if any, 

IV irritation at proper dilution, and only minimal effects 
on blood pressure, pulse or respiratory rate. 


The dosage of Ativan® (lorazepam) Injection should 

be individualized for each patient. For those in 

whom reduced recall and excellent sedation are desired, 

doses of 0.05 mg/kg up to a maximum of 4 mg should 
~ be administered. For patients in whom lack of 

recall is not desired, and for the elderly or 


debilitated, the dose should be reduced. (LOR AZEPAM) ®© 


Wyeth Laboratories M Of IV 


Philadelphia, PA 19101 
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DESCRIPTION: Ativan® (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. It has the chemical formula 7-chloro-5-(o-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each ml of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 ml polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of Surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced Sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM with considerable Subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this Study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults—for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angle glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ART ERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
N use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 
Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was Suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transter of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of, 
insufficient data on obstetrical safety, incl uding its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidencg of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 
Endoscopic Procedures: There are insufficient data to Support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 


PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive Sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 


Information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 

Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents. 
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Carci impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp:antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section; therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the intant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one Study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive Sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
Caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, contusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 

Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
Same area in a very variable incidence from one Study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive Sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUT IONS). 

Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. In addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and Signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium); however, hazards associated with 
physostigmine (i.e., induction of seizures) should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate. 

Intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
such use is not recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP, Sodium Chloride injection, USP, 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan® (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX® Sterile 
Cartridge-Needle Units. 

2 mg/ml, NDC 0008-0581; 10 mi vial and 1ml fill in 2 mI TUBEX. 

4 mg/ml, NDC 0008-0570; 10 mi vial and 1ml fill in 2 mi TUBEX. 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 

Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX —(1) Extrude entire 
amount of air in half-filled TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial—Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 
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Introducing STRAPEZE 
While others slip and slide all over the place, 
we've made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient’s airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


x 2 l 
Strap versus tape 

Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambs-wool. 


So easy to apply 
The STRAPEZE “one-step” fastening 
surance and security to endotracheal 
tube placement. And there’s nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient's 
neck, loop around tube and fasten with 
the Velcro tab back onto the straps 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it won't 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 
ProTechPacific 
STRAPEZE was designed to answer 


the demanding needs of today’s medical 
professional. Its Innovative simpucity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
commitment to your profession, 
STRAPEZE. New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive, 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


Bae ie l ‘5 
US. Patents pending 


ProftechPacific 


i221 Andersen Drive 
San Rafael, California 94901 
Call Toll Free: 800/227-0517 


PON 
LERF 


in Calif. 415/459-0745 


Manufacturers of Protective Medical Products 


Anesthesia and Analgesia 
BACK ISSUES AVAILABLE 


Available at $3.00 per Issue 
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Voi. Year Numbers Available Vol. Year Numbers Available 
33 1954 - 2 3 4 5 6 41 1962 - 2 3 - 5 6 
34 1955 1 2 3 4 5 6 42 1963 _ ~- 3 4 5 6 
35 1956 1 2 3 ~ 5 6 43 1964 1 ~ 3 ~ 5 6 
36 1957 - ~ ~ ~ ~ 6 44 1965 1 2 3 4 § 6 
37 1958 1 2 3 4 5 6 45 1966 - 2 = 4 5 6 
38 1959 - 2 3 4 ~ 6 46 1967 - 2 3 4 ~ 6 
39 1960 - - 3 4 5 6 47 1968 ~ ~ 3 4 5 6 
40 1961 ~ - - 4 5 6 48 1969 t 2 3 a 5 ~ 
l Available at $4.50 per Issue 
Vol. Year Numbers Available Vol. Year Numbers Available 
49 1970 1 - - - 5 6 
50 1971 1 2 _ 2 a _ 54 1975 ~ 2 3 ~ ~ 6 
55 1976 - 2 3 4 5 6 
51 1972 ~ 2 3 - ~ 6 
56 1977 1 2 3 4 5 6 
52 1973 1 2 3 4 6 57 197 
53 1974 2 1 2 es os s eae PS ee a # 
7 Available at $5.50 per Issue 
Vol. Year Numbers Available = 7 
58 1979 1 2 3 4 5 6 (only six issues published) 
59 1980 ~ - 3 4 5 6 - 8 9 10 11 12 
60 1981 j 2 3 4 5 6 ~ ~ 9 10 11 12 
61 1982 1 2 3 4 5 6 ~ ~ 9 10 11 12 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 


OTHER PUBLICATIONS AVAILABLE: 
“Basic and Clinical Physiology of the Liver’ (Supplement to Sept-Oct. 1965 issue}—-$3.00. 
Ten-Year (1960-1969) Cumulative Index—$3.00. 
Ten-Year (1970-1979) Cumulative index-—$3.00. 
1982 (56th Congress) Review Course Lectures—$5.00. 
1983 (57th Congress) Review Course Lectures—$5.00. 
1984 (58th Congress) Review Course Lectures—$6.00. 
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Requests for single issues beginning with Vol. 62 should be sent to Elsevier Science Publishing Co, Inc., 52 Vanderbilt Avenue. New York, NY 10017. 
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PRESERVATIVE-FREE 
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hPF 





(morphine sulfate injection, USP) Cll 


creates new options 
in pain management 


DURAMORPH® PF 
provides profound 
site-selective 
analgesia. 








DURAMORPH® PF delivers preservative- 
free morphine directly to localized opiate 
receptors in the spinal cord, selectively 
blocking nociceptive impulse transmission 
to the brain's pain centers. 


DURAMORPH® PF 

prevents postoperative pain 
when administered at 

the completion of surgery. 








A single 5 mg epidural injection before the 
onset of postoperative pain provides pain 
relief associated with many obstetric/ 
gynecologic, orthopedic, thoracic, and 
abdominal procedures. Use of 
DURAMORPH® PF is particularly conve- 
nient when an epidural catheter is already 
in place for operative anesthesia. 


&44From a humanitarian viewpoint, 
epidural morphine could be 
considered the ideal postoperative 
analgesic... .33' 
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Guidelines for Administration of 
DURAMORPH® PF 


E The epidural route should be 
used whenever possible; intra- 
thecal administration has been 
associated with greater poten- 
tial for immediate or delayed 
adverse effects. 


E Administration should be 
limited to the lumbar region 
whenever possible; thoracic 
injection has been shown to 
dramatically increase the 
incidence of respiratory 
depression. 


E Predisposing factors in mor- 
phine-related respiratory 
depression include: thoracic 
administration,4 advanced 
age,* reduced ventilatory 
capacity, high doses,® con- 
comitant administration of 
opioids,® supine body posi- 
tion,” CNS depressants,° and 
raised intrathoracic pressure.® 
Careful selection of patients, 
avoidance of opiate premedi- 
cation, and maintenance of 
patients in a head-up position 
may minimize the occurrence 
of respiratory depression. 


See complete prescribing information 


DURAMORPH® PF 
relieves pain for 

up to 24 hours with 

a single epidural injection. 








DURAMORPHE PF provides extended pain 
protection with a duration of analgesic 
effect that is nearly four times longer than 
that of conventional systemic narcotics 

(IV morphine). ` 


DURAMORPH® PF 
is associated with 
a low incidence of 
respiratory depression. 








Delayed respiratory depression has been 
reported; patient monitoring should be 
continued for at least 24 hours after each 
dose. Naloxone reverses respiratory 
depression without diminishing analgesia. 


DURAMORPH® PF 

maintains patient comfort with 
virtually no sedation, or loss of 
motor or sympathetic function. 





DURAMORPH® PF out-performs conven- 
tional systemic narcotics and local 
anesthetics in producing site-selective 
analgesia. Patients are alert and more 
active participants in their nursing and 
rehabilitative care. 


DURAMORPH® PF 
promotes early ambulation 
and reduces postoperative 
complications. 








Patients receiving DURAMORPH® PF 
frequently become ambulatory earlier 
than patients receiving conventional 
systemic narcotics—often in as little as half 
the time'—which may reduce the risk 

of postoperative respiratory and thrombo- 
embolic complications. 


&4Due to absence of sedation and the 
lack of orthostatic hypotension, high risk 
patients . . . ambulate early leading to 
decreased risk for postoperative thrombo- 
embolic and respiratory complications. 332 


DURAMORPH® PF 
may hasten 

patient recovery and 
shorten hospital stays. 





In a study of patients at hign risk of 
postoperative complications, epidural 
morphine shortened hospital stays after 
elective gastroplasty from an average of 
9 days to 7 days. 


DURAMORPH® PF 
may mean 

cost savings in 
postoperative care. 








The benefits of early ambulation, greater 
patient cooperation with nursing/rehabilita- 
tive care, fewer postoperative complications, 
and shortened hospital stays—offset 
against the moderately increased costs of 
Shayt-term postoperative monitoring—may 
result in a significant net savings in the 
costs of medical care, an important consid- 
eration for institutions dependent on fixed- 
cost reimbursement policies. 


kk... effective analgesia, early ambulation, 
early normalization of gastrointestinal func- 
tion, and minimal respiratory complications 
in the postoperative period all contributed 
to a shorter hospitalization time in patients 
receiving epidural morphine analgesia. 333 
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800-257-8349 
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DESCRIPTION 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) is a Sterile, pyrogen-free, isobaric solution free of antioxi- 
dants, preservatives or other potentially neurotoxic additives, and 
is intended for intravenous, epidural or intrathecal administration 
as a narcotic analgesic. Each milliliter contains morphine sulfate 
0.5 mg or 1 mg (Warning: May Be Habit Forming) and sodium 
chloride 9 mg in Water for Injection. pH range is 2.5-6.0. Ampuls 
are sealed under nitrogen. Each Dosette® ampul is intended 
for SINGLE USE ONLY. Discard any unused portion. DO NOT 
AUTOCLAVE. 


INDICATIONS AND USAGE 

Preservative-free DURAMORPH® PF is a systemic narcotic anal- 
gesic for administration by the intravenous, epidural or intrathecal 
routes. It is used for the management of pain not responsive to 
non-narcotic analgesics. Morphine sulfate, administered epidurally 
Or intrathecally, provides pain relief for extended periods without 
attendant loss of motor, sensory or sympathetic function 


CONTRAINDICATIONS 

DURAMORPH® PF is contraindicated in those medica! conditions 
which would preclude the administration of opioids by the intra- 
venous route—allergy to morphine or other opiates, acute bron- 
chial asthma, upper airway obstruction 

Administration of morphine by the epidural or intrathecal route is 
contraindicated in the presence of infection at the injection site, 
anticoagulant therapy, bleeding diathesis, parenterally admin- 
istered corticosteroids within a two week period or other concomi- 
tant drug therapy or medical condition which would contraindicate 
the technique of epidural or intrathecal analgesia 


WARNINGS 

DURAMORPH® PF administration should be limited to use by those 
familiar with the management of respiratory depression, and in the 
case of epidural or intrathecal administration, familiar with the 
techniques and patient management problems associated with 
epidural or intrathecal drug administration. Because epidural 
administration has been associated with lessened potential for 
immediate or late adverse effects than intrathecal administration, 
the epidural route should be used whenever possible. Rapid intra- 
venous administration may result in chest wall rigidity 
FACILITIES WHERE DURAMORPH® PF IS ADMINISTERED MUST 
BE EQUIPPED WITH RESUSCITATIVE EQUIPMENT. OXYGEN, 
NALOXONE INJECTION, AND OTHER RESUSCITATIVE DRUGS 
WHEN THE EPIDURAL OR INTRATHECAL ROUTE OF ADMIN- 
ISTRATION IS EMPLOYED, PATIENTS MUST BE OBSERVED IN A 
eee AND STAFFED ENVIRONMENT FOR AT LEAST 24 
HOU 


SEVERE RESPIRATORY DEPRESSION UP TO 24 HOURS FOLLOW- 
a iag OR INTRATHECAL ADMINISTRATION HAS BEEN 
EP 


Morphine sulfate may be habit forming. (See Drug Abuse and 
Dependence section.) 


PRECAUTIONS 


GENERAL 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) should be administered with extreme caution in aged 
or debilitated patients, in the presence of increased intra- 
Cranial/intraocular pressure and in patients with head injury. Pupill- 
ary changes (miosis) may obscure the course of intracranial 
pathology. Care is urged in patients who have a decreased respira- 
tory reserve (e.g., emphysema, severe obesity, kyphoscoliosis) 


Seizures may result from high doses. Patients with known seizure 
disorders should be carefully observed for evidence of morphine- 
induced seizure activity. 


It is recommended that administration of DURAMORPH® PF by the 
epidural or intrathecal routes be limited to the lumbar area. Intra- 
thecal use has been associated with a higher incidence of respira- 
tory depression than epidural use 


Smooth muscle hypertonicity may result in biliary colic, difficulty in 
urination and possible urinary retention requiring catheterization. 
Consideration should be given to risks inherent in urethral 
catheterization, e.g., sepsis, when epidural or intrathecal admin- 
istration is considered, especially in the perioperative period 


Elimination half-life may be prolonged in patients with reduced 
metabolic rates and with hepatic or renal dysfunction. Hence, care 
should be exercised in administering morphine in these conditions, 
particularly with repeated dosing 

Patients with reduced circulating blood volume, impaired myocar- 
dial function or on sympatholytic drugs should be observed care- 
fully for orthostatic hypotension, particularly in transport 
Patients with chronic obstructive pulmonary disease and patients 
with acute asthmatic attack may develop acute respiratory failure 





with administration of morphine. Use in these patients should be 
reserved for those whose conditions require endotracheal intuba- 
tion and respiratory support or contro! of ventilation 


DRUG INTERACTIONS 

Depressant effects of morphine are potentiated by either concomi- 
tant administration or in the presence of other CNS depressants 
such as alcohol, sedatives, antihistaminics or psychotropic drugs 
(e.g.. MAO inhibitors, phenothiazines, butyrophenones and tri- 
cyclic antidepressants). Premedication or intra-anesthetic use of 
neuroleptics with morphine may increase the risk of respiratory 
depression 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY 
Studies of morphine sulfate in animals to evaluate the carcinogenic 
and mutagenic potential or the effect on fertility have not been 
conducted 


PREGNANCY 

Teratogenic effects—Pregnancy Category C. Animal reproduction 
Studies have not been conducted with morphine sulfate. It is also 
not known whether morphine sulfate can cause fetal harm when 
administered to a pregnant woman or can affect reproduction 
Capacity. Morphine sulfate should be given to a pregnant woman 
only if clearly needed 


Nonteratogenic effects. Infants born from mothers who have been 
taking morphine chronically may exhibit withdrawal symptoms 


LABOR AND DELIVERY 

Intravenous morphine readily passes into the fetal circulation and 
may result in respiratory depression in the neonate. Naloxone and 
resuscitative equipment should be available for reversal of narcotic- 
induced respiratory depression in the neonate. In addition, intra- 
venous morphine may reduce the strength, duration and frequency 
of uterine contraction resulting in prolonged labor. 


Epidurally and intrathecally administered morphine readily passes 
into the fetal circulation and may result in respiratory depression of 
the neonate. Controlled clinical studies have shown that epidural 
administration has little or no effect on the relief of labor pain 


However, studies have suggested that in most cases 0.2 to 1 mg of 
morphine intrathecally provides adequate pain relief with little effect 
on the duration of first stage labor. The second stage labor, though 
may be prolonged if the parturient is not encouraged to bear down 
A continuous intravenous infusion of naloxone, 0.6 mg/hr. for 24 
hours after intrathecal injection may be employed to reduce the 
incidence of potential side effects. 

NURSING MOTHERS 

Morphine is excreted in maternal milk. Effect on the nursing infant 
is not known 


PEDIATRIC USE 
Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
The most serious side ẹffect is respiratory depression. Because of 
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delay in maximum CNS effect with intravenously administered drug 
(30 min), rapid administration may result in overdosing. Bolus 
administration by the epidural or intrathecal route may result in 
early respiratory depression due to direct venous redistribution of 
morphine to the respiratory centers in the brain. Late (up to 24 
hours) onset of acute respiratory depression has been reported 
with administration by the epidural or intrathecal route and is 
believed to be the result of rostral spread. Reports of respiratory 
depression following intrathecal administration have been more 
frequent, but the dosage used in most of these cases has been 
considerably higher than that recommended. This depression may 
be severe and could require intervention (See Warnings and Over- 
dosage sections). Even without clinical evidence of ventilatory 
inadequacy, a diminished CO, ventilation response may be noted 
for up to 22 hours following epidural or intrathecal administration 


While low doses of intravenously administered morphine have little 
effect on cardiovascular stability, high doses are excitatory, result- 
ing from sympathetic hyperactivity and increase in circulating 
catecholamines. Excitation of the central nervous system resulting 
in convulsions may accompany high doses of morphine given 
intravenously. Dysphoric reactions may occur and toxic psychoses 
have been reported 


Epidural or intrathecal administration is accompanied by a high 
incidence of pruritus which is dose related but not confined to site 
of administration. Nausea and vomiting are frequently seen in 
patients following morphine administration. Urinary retention 
which may persist for 10-20 hours following single epidural or 
intrathecal administration has been reported in approximately 90% 
of males. Incidence is somewhat lower in females. Patients may 
require catheterization (see Precautions). Pruritus, nausea 
vomiting and urinary retention frequently can be alleviated by the 
intravenous administration of low doses of naloxone (0.2 mg). 


Tolerance and dependence to chronically administered morphine. 
by whatever route, is known to occur (see Drug Abuse and Depen- 
dence section) 


Miscellaneous side effects include constipation, headache, anxiety, 
depression of cough reflex, interference with thermal regulation 
and oliguria. Evidence of histamine release such as uticaria, wheals 
and/or local tissue irritation may occur 


In general, side effects are amenable to reversal by narcotic antag- 
onists. NALOXONE INJECTION AND RESUSCITATIVE EQUIPMENT 
SHOULD BE IMMEDIATELY AVAILABLE FOR ADMINISTRATION IN 
CASE OF LIFE-THREATENING OR INTOLERABLE SIDE EFFECTS 


DRUG ABUSE AND DEPENDENCE 
Controlled Substance: Morphine sulfate is a Schedule I| substance 
under the Drug Enforcement Administration classification 


Abuse: Morphine has recognized abuse potential. 


Dependence: Cerebral and spinal receptors may develop toler- 
ance/dependence independently, as a function of local dosage 
Care must be taken to avert withdrawal in those patients who have 
been maintained on parenteral/oral narcotics when epidural or 
intrathecal administration is considered. Withdrawal may occur 
following chronic epidural or intrathecal administration, as well as 
the development of tolerance to morphine by these routes. (See 
Nonteratogenic effects under Pregnancy.) 


OVERDOSAGE 

Overdosage is characterized by respiratory depression with or 
without concomitant CNS depression. Since respiratory arrest may 
result either through direct depression of the respiratory center or 
as the result of hypoxia, primary attention should be given to the 
establishment of adequate respiratory exchange through provision 
of a patent airway and institution of assisted or controlled ventila- 
tion. The narcotic antagonist, naloxone, is a specific antidote 

Naloxone (usually 0.4 mg) should be administered intravenously, 
simultaneously with respiratory resuscitation. As the duration of 
effect of naloxone is considerably shorter than that of epidural or 
intrathecal morphine, repeated administration may be necessary 
Patients should be closely observed for evidence of renarcotization 

Note: Respiratory depression may be delayed in onset up to 24 
hours following epidural or intrathecal administration. In painful 
conditions, reversal of narcotic effect may result in acute onset of 
pain and release of catecholamines. Careful administration of 
naloxone may permit reversal of side effects without affecting 
analgesia. Parenteral administration of narcotics in patients receiv- 
ing epidural or intrathecal morphine may result in overdosage 


HOW SUPPLIED 
Amber Dosette® ampuls for intravenous, epidural and intrathecal 
administration 


5 mg/10 mL (0.5 mg/mL) packaged in 10s (NDC 0641-1113-33) 
10 mg/10 mL (1 mg/1 mL) packaged in 10s (NDC 0641-1115-33) 
Revised September 1984 


2 Esterbrook Lane 
Cherry Hill, NJ 08034 
800-257-8349 
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SYSTEM OF CHOICE FOR SAFE AND 
ACCURATE REGIONAL BLOCKS. 


Facilitates axillary- 
brachial plexus, su- 
praclavicular, inter- 
costal, greater oc- 
cipital, suprascapu- 
lar, sacral, and 
other peripheral 
nerve blocks. 


The Neuro-Trace 
Nerve Locator pro- 
vides a reliable 
method to locate 
specific nerves for 
regional blocks. A 
pulsating, low cur- 
rent provides con- 
sistent accuracy 
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0-Pack® needs no refrig- 
eration and mixes s instantly with diluent. 
No separate needle or syringe is nec- 
essary. And, both the 500 and 1000 mg 
sizes work equally well with 

either bottles or bags. 


The Anectine 20 mg Bottle 

has a unique square shape 

for added safety and a con- 
venient flip-off top for speed 

of use. The distinctive yellow 
and red label can be read from 
the reverse side for instant iden- 
tification. 
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Classified Advertising 








ANESTHESIOLOGIST 

Boarded Cardiovascular Anesthesiologist 
experienced in Clinical Anesthesia & Direc- 
tion of a Dept. Proficient in OB, Peds, Neuro, 
& Outpt. Will work with CRNAs. 13 yrs 
experience, American born, Univ. trained. 
Wish to direct Dept. or work in stable priv. 
practice. Reply to Box D11, % Anesthesia and 
Analgesia, Desk Editorial, Elsevier Science 
Publishing Co, Inc, 52 Vanderbilt Ave, New 
York, NY 10017. 


VARIETY AND QUALITY IN WORK AND LIFE 
Join six MDs and nine CRNAs who provide 
anesthesia services for a 550-bed general 
hospital in Tulsa, OK. While offering the 
social, cultural, and recreational opportun- 
ities usually found only in larger cities, Tulsa 
is centered in an area of lakes allowing easy 
access to outdoor activities. Our practice in- 
cludes active neurological, cardiothoracic, 
vascular, and outpatient surgical services. 
Coverage for obstetrics, includes epidurals 
for some vaginal deliveries. We personally 
administer anesthetics as well as supervise 
CRNAs. If you are an Anesthesiologist cur- 
rently trained and experienced in these areas 
and board certified or actively pursuing 
certification vou should consider our group. 
We are offering a very competitive salary, 
excellent benefits, and a good place to live 
and practice. Send a letter with CV to J. 
Frederick Jones, MD, Tulsa Anesthesiolo- 
gists, Inc., 1145 S. Utica Ave., Suite 465, 
Tulsa, OK 74104. 


MICHIGAN 

Energetic & personable, American gradu- 
ate, BC/BE anesthesiologist needed to join 
seven other anesthesiologists in a fee for 
service private practice. 400 plus bed gen- 
eral hospital. All specialities with the ex- 
ception of open heart. Send C.V. to Box D9, 
“e Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Co, Inc, 52 Van- 
derbilt Ave, New York, NY 10017. 


SUNBELT OPPORTUNITIES 
Anesthesiologists needed for expanding z hos- 
pital-based practice and to participate in the 
development of the University of New Mex- 
ico School of Medicine Department of Anes- 
thesiology and residency training program. 
Our progressive University Hospital and 
Medical Center offer substantial clinical and 
academic responsibilities. Positions cur- 
rently available. Inquiry should be accom- 
panied by resume and addressed to J. Loren 
Pitcher, MD, Associate Dean for Clinical Af- 
fairs, University of New Mexico School of 
Medicine, 2211 Lomas Boulevard, N.E., Al- 
buquerque, NM 87106. The University of 
New Mexico is an equal opportunity edu- 
cator and employer. 


DIRECTOR OF ANESTHESIOLOGY 

Ellis Fischel State Cancer Center, an equal 
opportunity employer, is searching for a Di- 
rector of Anesthesiology. The Director would 
be expected to provide general and regional 
anesthesia for all types of cancer surgery. 
Teaching opportunities are available. Salary 
is competitive. Contact William G. Kraybill, 
MD, Chairman of Search Committee for 
Anesthesiology, Ellis Fischel State Cancer 
Center, Columbia, MO 65201. Phone (314) 
875-2100. 


ANESTHESIA, YOUR BABY, AND YOU 

This Obstetric Anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact: Appcor Produc- 
tions, 3652 Carleton St., San Diego, CA 
92106. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


ANESTHESIOLOGIST 

Anesthesiologist with superior credentials 
to develop group practice. Growing and 
economically stable suburban Philadelphia 
community of over 90,000 with hospital ad- 
missions exceeding 7,000 last year. Modern 
newly constructed facility located on a 72 

e 

acre campus. Contract to allow for fee for 
service billing. Reply in confidence to (215) 
368-9358. 





ANESTHESIOLOGIST 

Board certified/board eligible, to join a three 
member incorporated group with CRNAs. 
400-bed community hospital in Western 
Pennsylvania, close to large metropolitan 
areas. Excellent schools, recreational facili- 
ties, friendly community. All types of anes- 
thesia except open heart, minimal OB. Ex- 
cellent remuneration leading to early 
partnership. Reply to Box D10, % Anesthesia 
and Analgesia, Desk Editorial, Elsever Sci- 
ence Publishing Co, Inc, 52 Vanderbilt Ave, 
New York, NY 10017. 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 











OKLAHOMA 

The Department of Anesthesiology, Oral 
Roberts University School of Medicine cur- 
rently has openings for a full-time Chair- 
man and an Assistant Professor with inter- 
ests in Teaching, Clinical Practice, and 
Research. Excellent opportunity for board 
eligible/board certified physician in an in- 
stitution dedicated to the philosophy of 
Whole Person Medicine. Rank and salary 
commensurate with qualifications and ne- 
gotiable. Send CV and names of three ref- 
erences to Larry D. Edwards, MD, Dean, 
Oral Roberts University, School of Medi- 
cine, City of Faith Medical & Research Cen- 
ter, 8181 South Lewis, Tulsa, OK 74137. 





ANESTHESIOLOGIST 

Board certified/or eligible to join MD and 
CRNAs in central Oklahoma community 
hospital. No OB, Neuro, or open heart. Fee 
for service. Reply with CV to Shawnee 
Anesthesiology Assn, Inc. P.O. Box 847, 
Shawnee, OK 74801. 





CALIFORNIA 

The Department of Anesthesiology at the 
University of California, Irvine has a basic 
research position open for a PhD-level 
Physiologist at an In-Residence or Assistant 
Adjunct Professor, Step I level. Candidates 
must have demonstrated skills in biological 
studies with perfluorochemical emulsions 
and expertise in small animal research. Send 
curriculum vitae and names of three refer- 
ences to Kevin K. Tremper, PhD, MD, Uni- 
versity of California, Irvine, Department of 
Anesthesiology, 101 City Drive South, Rte. 
81A, Orange, CA 92668. An Affirmative Ac- 
tion/Equal Opportunity Employer. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, oratherevents. 
Display space (minimum ‘4 page} is also avail- 
able through Pharmaceutical Media, Inc. Rates 
tor classified advertising: $.90 per word, min- 
imum twenty words; box number ads $1.00 per 
word. Copy deadline 7 weeks prior to publi- 

cation, eg, for the March issue, copy should 


be received by the Ist of January. Full payment 


or institutional purchase order must accom- 
pany the copy for each ad. Ads received with- 
out a check or purchase order will be returned. 
Ad copy, subject to acceptance by publisher, 
should be mailed to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 

Make checks payable to Elsevier Science Pub- 
ishing Co, Ine. 


PRIVATE TUTORING AVAILABLE FOR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
3-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 


PAIN MANAGEMENT ANESTHESIOLOGIST 
Unique Opportunity for BC/BE anesthe- 
sidlogist with above-average clinical ability 
to join progressive group of young anes- 
thesiologists. Practice limited to pain man- 
agement. No OR or OB anesthesia. All pro- 
cedures for treatment of pain including 
Transphenoidal Pituitary Adenolysis and 
implantable reservoirs. Strong ancillary 
support services including full time psy- 
chologist. Applicant should possess a strong 
interest in regional anesthesia and desire 
one on one patient contact. Willing to train 
nght individual. Excellent salary and ben- 
efits. Send CV to Steven D. Waldman, MD, 
8301 State Line, Kansas City, MO 64114. 


EAST CENTRAL ILLINOIS 

Progressive 210 bed hospital seeking boarded 
Anesthesiologists. Attractive college town. 
Average 400 surgeries monthly. Send CV 
to Bill Rauwolf, SBLHC, Box 372, Mattoon, 
IL 61938. 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, R.R. #9 Box 
86 MM, Santa Fe, New Mexico 87501, (505) 
983-7371. 


ILLINOIS 

Immediate openings for board-certified/ 
eligible anesthesiologists—Assistant and 
Associate Professors. Research opportuni- 
ties. Applications with Curriculum Vitae 
should be forwarded to Dr. Donald W. Ben- 
son, University of Chicago, Department of 
Anesthesiology, 5841 S. Maryland Avenue, 
Chicago, IL 60637. (312) 962-6700. An equal 


opportunity employer. 


ANESTHESIOLOGIST WANTED 
University-trained BE/BC located in Central 
MA. Convenient to mountains, ocean, and 
cities. First year competitive salary leading 
to partnership. Reply to Box C7, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Co, Inc, 52 Vanderbilt 
Ave, New York, NY 10017. 


ANESTHESIOLOGIST 

Southern California management corpora- 
tion has opportunities—both entry and 
practice/management—for Board eligible or 
certified anesthesiologists to serve hospitals 
under contract. Attractive income, benefit 
and profit sharing package. Reply to Box 
D8, “% Anesthesia and Analgesia, Desk Edi- 
torial, Elsevier Science Publishing Co, Inc, 
52 Vanderbilt Ave, New York, NY 10017. 


ANESTHESIOLOGIST 

Major Southeast university-affiliated med- 
ical center is seeking anesthesiologists for 
cardiac, obstetric, and general anesthesia, 
preferably board certified. Competitive 
compensation package. Reply to Box C6, % 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Co, Inc, 52 Van- 
derbilt Ave, New York, NY 10017. 





A LOOK AT ANESTHESIA PRACTICES IN 
SPAIN 

June 2-16, 1985. Tour medical centers at 
Madrid, Valencia, Barcelonia, Santiago, and 
Sevilla. Also, guided tours to Art Museums. 
For information write to The Institute For 
Post Graduate Education, P.O. Box 28, Has- 
tings, MI 49058. Or call 1-800-552-9229, 





McGILL UNIVERSITY 
1985 ANNUAL REVIEW COURSE IN 
ANAESTHESIA 


MAY 27-31, 1985 


Designed primarily for residents in training or preparing for 
examinations and practicing specialists desirous of reevaluating 
their mode of practice as it relates to currently accepted teaching. 


The distinguished guest faculty will include: 


ANESTHESIA 
STAFFING 
CRISIS 


CALL 1-800 FAST GAS (327-8427) 
24 HOUR HOT LINE 
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W Maurice S. Albin Daniel M. Philbin 
LD j John B. Downs James J. Richter 
i James C. Gallagher David J. Steward 

7 d 7/3 Shirley A. Graves Robert K. Stoelting 
) ‘g | Ronald Katz Michael M. Todd 

aah ' T Carol L. Lake John L. Waller 
S i John E. Mazuzan Wiliam D.R. Writer 
The course is co-sponsored by the University of Vermont College 





of Medicine and is approved for 25 credit hours of Category 1 of 
the Physicians Recognition Award of the American Medical 
Association. 


FEES: $325.00 (Canadian) or $270.00 (U.S.) 
*$225.00 (Canadian) or $190.00 (U.S.) 
“(Residents with letter from Chief of Service) 


For further details, write to: 


Claire Diano 
Post-Graduate Board 
Royal Victoria Hospital 
687 Pine Avenue West 
Montreal, Que. 

H3A 1A1 

Tel. (514) 842-1231, ext.264 
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THE NATION'S LARGEST PROVIDER OF 
PROFESSIONAL ANESTHESIA PERSONNEL 
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Worldwide Anesthesia Associates, Inc. 





P.O. Box 1547 @ UKIAH, CALIFORNIA 95482 èe U.S.A. 








HARVARD CONTINUING EDUCATION 
Massachusetts General Hospital 
PEDIATRIC ANESTHESIA UPDATE 1985 
May 17—19, 1985 





This coursé will review physiology, pharmacology, and anesthetic responses unique to the pediatric patient. 
Our featured guest speaker is Dr. D. Ryan Cook, Professor and Chief of Anesthesiology, Children’s Hospital of 
Pittsburg, who will discuss neonatal anesthesia, muscle relaxants and neuromuscular disease, and liver 
transplantation. ° 


Other topics include congenital heart disease, anesthetic equipment and mishaps, recovery room problems, 
resuscitation, management of burns, a panel on lung development, control of respiration, and prematurity; a 
second panel will cover new muscle relaxants, pharmacokinetics of muscle relaxants, and neuromuscular 
disease. The luncheon meeting includes an open discussion of problem cases. Further topics include outpatient 
anesthesia, premedication, retinopathy of the premature infant, and pediatric pharmacology. 


Three half-day sessions are approved for 15 credit hours in Category 1 of the Physician’s Recognition Award of 
the AMA. Application has been submitted to the American Association of Nurse Anesthetists for continuing 
education credits to be awarded to nurse anesthetists completing this course. 


For further details please contact: 


Harvard Medical School 

Department of Continuing Education 

Boston MA 02115 

(617) 732-1525 (M-F, 10 am—4 pm Eastern Time) 


Course Directors: Drs. John F. Ryan and Charles J. Coté, Department of Anesthesia, Massachusetts General 
Hospital, Boston, Massachusetts. 
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Journal Editors 

M.D. Vickers Cardiff 

E. Nilsson Lund 

Deputy Editor 

P. Foéx Oxford 

Editor of Commissioned Articles 
C. Prys-Roberts Bristol 
Assistant Editors 

J.M. Desmonts Paris 
T.E.J. Healy Manchester 
W.R. MacRae Edinburgh 


Editorial Board 

M.D. Vickers Cardiff 

E. Nilsson Lund Ex-officio from the Academy 

M. Rosen Cardiff (Treasurer) K. Steinbereithner Wien (President) 
P. Foëx Oxford J. Lassner Paris (Past President) 

C., Prys-Roberts Bristol W. Dick Mainz (Secretary) 


The European Journal of Anaesthesiology, the official publication of the European Academy 
of Anaesthesiology, publishes original work of high scientific quality. Preference is given to 
experimental work or clinical observation in man, and to laboratory work of clinical 

relevance. Each issue contains a commissioned review by an authority in a field of interest to 


Subscription Information 

European Journal of Anaesthesiology is published quarterly. Subscription rates for 1985 are £43.00 (UK 
and overseas). Subscription details for North America are available from Year Book Medical Publishers, 
35 East Wacker Drive, Chicago, Hlinois 60601, USA. 


Order Form 
Please tick the appropriate box and return tc Blackwell Scientific Publications Ltd, P.O. Box 88, Oxford, England. 
i] | would like to subscribe to European Journal of Anaesthesiology 
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M] I wish to pay by cheque/money order delere as necessary) and enclose the sum of 


(} I wish to pay by Access/Barclaycard/VISA/Mastercard (defete es necessary) 
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M] Please send me a specimen copy of European Journal of Anaesthesiology 
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Before prescribing please consult complete prescribing infor- INAPSINE (droperidol) should have appropriate surveillance. 
mation, of which the following is a brief summary. 


used to supplement these forms of anesthesia. the anesthe 
If INAPSINE (droperidol) is administered with a narcotic tist should be familiar with the physiological alterations 


analgesic such as SUBLIMAZE (fentanyl), the user should involved, and be prepared to manage them in the patients 
DESCRIPTION: familiarize himself with the special properties of each drug, selected for this form of anesthesia. 
2 mi. and 5 mi. ampoules particularly the widely differing durations of action. In addi- lf hypotension occurs, the possibility of hypovolemia 
Each ml. contains: tion, when such a combination is used, resuscitative equip- should be considered and managed with appropriate paren- 
i capes: OE ECU TT TERT Tee 2.5mg. ment and a narcotic antagonist should be readily available to _teral fluid therapy. Repositioning the patient to improve 
Lactic acid for pH adjustment to 3.4 + 0.4 manage apnea. See package insert for fentanyl before using. venous return to the heart should also be considered when 
10 mi. vials Narcotic analgesics such as SUBLIMAZE (fentanyl) may cause operative conditions permit. It should be noted that in spiné 
Each ml. contains: muscle rigidity, particularly involving the muscles of respir- and peridural anesthesia, tilting the patient into a head dow 
ODEN ie ainiaan aa n Aea 2.5 mg. ation. This effect is related to the speed of injection. Its incidence position may result in a higher level of anesthesia than is 
With 1.8 mg. methylparaben and 0.2 mg. propyliparaben, can be reduced by the use of slow intravenous injection. desirable, as well as impair venous return to the heart. Car 
and lactic acid for pH adjustment to 3.4 + 0.4. Once this effect occurs, it is managed by the use of assisted should be exercised in moving and positioning of patients 
Protect from light. Store at room temperature. or controlled respiration and, if necessary, by a neuromus- because of the possibility of orthostatic hypotension. If vol- 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY cular blocking agent compatible with the patient's condition. ume expansion with fluids plus other countermeasures do n 
Droperidol is a neuroleptic (tranquilizer) agent. The respiratory depressant effect of narcotics persists correct the hypotension, then the administration of pressor 
longer than their measured analgesic effect. When used with agents other than epinephrine should be considered. Epinepl 
INDICATIONS: INAPSINE (droperidol) is indicated: INAPSINE (droperidol), the total dose of all narcotic analge- rine may paradoxically decrease the blood pressure in 
to produce tranquilization and to reduce the incidence of sics administered should be considered by the practitioner patients treated with INAPSINE (droperidol) due to the alprie 
nausea and vomiting in surgical and diagnostic procedures: before ordering narcotic analgesics during recovery from adrenergic blocking action of droperidol. 
for premedication, induction, and as an adjunct in the mainte- anesthesia. It is recommended that narcotics, when required, Since INAPSINE (droperidol) may decrease pulmonary art 
nance of general and regional anesthesia: be used initially in reduced doses as low as 14 to 12 those rial pressure, this fact should be considered by those who 
in neuroleptanalgesia in which INAPSINE (droperidol) is given usually recommended. conduct diagnostic or surgical procedures where interpreta- 
concurrently with a narcotic analgesic, such as SUBLIMAZE® à tion of pulmonary arterial pressure measurements might 
(fentanyl) injection, to aid in producing tranquility and PRECAUTIONS: The initial dose of INAPSINE (droperidol) should determine final management of the patient. Vital signs skou 
decreasing anxiety and pain. be appropriately reduced in elderly, debilitated and other be monitored routinely. 
poor-risk patients. The effect of the initial dose should be Other CNS depressant drugs (e.g. barbiturates, tranquiiz- 
CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated considered in determining incremental doses. Certain forms ers, Narcotics, and general anesthetics) have additive or 
in patients with known intolerance to the drug. of conduction anesthesia, such as Spinal anesthesia and potentiating effects with INAPSINE (droperidol). When 
some peridural anesthetics, can cause peripheral vasodilata- patients have received such drugs, the dose of INAPSINE 
WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO MAN- tion and hypotension because of sympathetic blockade. (droperidol) required will be less than usual. Likewise, follow 
AGE HYPOTENSION SHOULD BE READILY AVAILABLE. As with Through other mechanisms, INAPSINE (droperidol) can also ing the administration of INAPSINE (droperidol), the dose of 
other CNS depressant drugs, patients who have received alter circulation. Therefore, when INAPSINE (droperidol) is other CNS depressant drugs should be reduced. 
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INAPSINE idraperidol) should be administered with caution 
to patients with liver and kidney dysfunction because af the 
importance of these organs in the metabolism and excretion 
of drugs. 

When the EEG ts used for postoperative monitoring. it may 
be found that the EEG pattern returns ta normal slowly. 

Since INAPSINE (droperidol: is frequently used with the 
narcotic anatgesic SUBLIMAZE (lentanyl). it should be noted 
that fentanyl may produce bradycardia, which may be treated 
with atropine: however, fentary! should be used with caution 
in patients with cardiac bradyarrhythmias” 


ADVERSE REACTIONS: The mast common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to mod- 
erate hypotension and occasionally tachycardia, but these 
effects usually subside without treatment. If hypotension 
occurs and is severe or persists. the possibility of hypovale- 
mia should be considered and managed with appropriate 
parenteral fluid therapy. Postoperative drowsiness is aiso fre- 
quently reported. 

" Extrapyramidal symptoms idystonia, akathisia, and oculo- 
. gyric crisis) have been observed following administration of 
APSINE (droperidol). Restlessness, hyperactivity, and anxi- 
pvhich can be either the result of inadequate dosage of 
INE (droperidel or a part of the symptom complex of 

: “a may occur. When extrapyramidal symptoms occur, 
usually be controlled with anti-parkinson agents. 
verse reactions that have been reported are dizzi- 
v and/or Shivering, ‘aryngaspasm, bronchospasm 
qative hallucinaio’y episodes (sometimes asso- 

t transient periods af mental depression). 

J \PSINE (droperidof is used with a narcotic anal- 
3 SUBLIMAZE Gentanyl), respiratory depression, 



















apnea, and muscular rigidity can occur, if these remain 
untreated respiratory arrest could occur. 

Elevated blood pressure. with or without preexisting 
hypertension, has been reported following administration af 
INAPSINE idroperidal combined with SUBLIMAZE (fentany!} 
or other parenteral analgesics. This might be due to unex- 
plained alterations in sympathetic activity following large 
doses; however, itis also frequently attributed to anesthetic 
or Surgical stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION: Dosage shouid be individual- 
ized. Some of the factors to be considered in determining the 
dose are age. body weight. physical status, underlying patho- 
logical condition, use of other drugs, type of anesthesia to be 
used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 


Usual Adult Dosage 

|. Premedication—~(ic be appropriately modified in the elderly, 
debilitated. and those who have received other depressant 
drugs} 2.5 to 10 mg. (1 to 4 mi) may be administered 
intramuscularly 3) to 60 minutes preoperatively. 

il. Adjunct to Genera: Anesthesia 
Induction—2.5 mg. (7 mij per 20 to 25 pounds may be 
administered (usually intravenously} along with an analge- 
sic and/or genera! anesthetic. Smatier doses may be ade- 
quate. The total amount of INAPSINE (droperidol) 
administered should be titrated to obtain the desired effect 
based on the individual patients response 
Maintenance--1.25 to 2.5 mg. (0.5 to tml} usually intra- 
venously {see warring regarding use with concomitant 
narcotic analgesic medication and the possibility of widely 
differing durations of action). 
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lf INNOVAR® injection is administered in addition to 
INAPSINE (droperidol). the calculation of the recommended 
dose of INAPSINE (dreperidol) should include the droperi- 
dol contained in the INNOVAR injection. See INNOVAR 
injection Package insert for full prescribing information. 

iH. Use Without A Generel Anesthetic in Diagnostic Proce- 
dures—Administer the usual LM. premedication 2.5 to 10 
mg. (ito 4 mij 30 to 60 minutes before the procedure. 
Additional 1.25 to 2.5 mg. (0.5 to imh} amounts of 
INAPSINE (droperidol) may be administered. usually intrave- 
nously (see warning regarding use with concomitant 
narcotic analgesic medication and the possibility af widely 
differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain 
procedures, such as bronchoscopy. appropriate topical 
anesthesia is still necessary. 2 

IV. Adjunct to Regional Anesthesia—2.5 to 5 ma. (1 to 2 ml} 
may be administered intramuscularly or slowly intrave- 
nously when additional sedation is required. 


How Supplied: 2 mi. and & mi. ampoules—packages of 10; 

10 mi. multiple-dose vials—packages of 10. 

U.S. Patent No. 3,161,645 

NOC 50458-010-02, NDC 50458-010-05: NDC 50458-010-10 
March 1980, Revised June 19380 

“See full prescribing information for complete description. 
© Janssen Pharmaceutica inc. 1983 
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Division of Bristol-Myers Company ` 
Syracuse, New York 13221-4754 






